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Contraceptive vaccines have been proposed for control-
ling the growing human population and wildlife population
management. Multiple targets such as gonadotropin releasing
hormone (GnRH), luteinizing hormone, follicle stimulating hor-
mone, gonadotropin receptors, sperm-specific proteins and
zona pellucida glycoproteins have been exploited to develop
contraceptive vaccine and their efficacy investigated and
shown in various experimental animal models. Vaccines based
on GnRH have found application inimmuno-castration of male
pigs for prevention of boar-taint. Vaccines based on zona pel-
lucida glycoproteins have shown promising results for popula-
tion management of wild horses and white-tailed deer. Phase
Il clinical trials in women with B-human chorionic gonadotro-
pin (B-hCG)-based contraceptive vaccine established proof of
principle that these can be developed for human application.
Block in fertility by B-hCG contraceptive vaccine was reversible.
Further research inputs are required to establish the safety of
contraceptive vaccines, improve their immunogenicity and to
develop novel vaccine delivery platforms for providing long
lasting immunity.

Introduction

Vaccines have been used traditionally to impart protective
immunity against various infectious diseases such as diphtheria,
pertusis, tetanus, poliomyelitis, measles, hepatitis etc. Further,
there are efforts to develop therapeutic vaccines for the treatment
of cancers, autoimmune disorders and other diseases."* For exam-
ple, to treat asymptomatic or minimally symptomatic metastatic
hormone-refractory prostate cancer, Sipuleucel-T was approved
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by the US Food and Drug Administration (FDA) on April
20, 2010. It is being manufactured by Dendreon Corporation,
Seattle, USA and basically involves isolation of patient’s dendritic
cells, incubation of cells with prostatic acid phosphatase and
granulocyte-macrophage colony stimulation factor (GM-CSF)
and infusion of activated antigen-presenting cells in the patient.?
Vaccines meant for autoimmune disorders such as Chrohn’s dis-
ease, theumaroid arthritis, type-1 diabetes etc typically involves
vaccination with well characterized and defined self-antigenic
proteins or peptides to generate tolerance against the protein in
question.? As an example, synthetic peptide mimicking func-
tional site of matrix metaloprotein (MMP), tricks the immune
system of the host to generate ‘metallobodies’ that block the
activity of MMP-2 and MMP-9 and has been proposed for the
treatment of inflammatory bowel disease.*

The increasing human population, particularly in several
developing countries of Asia and Africa, has severe consequences
on depletion of natural resources, scarcity of drinking water,
threatening food security, in addition to its impact on the
environment. In spite of the introduction of steroid hormones
based oral contraceptive pills (introduced in 1955), implants,
intrauterine devices, male and female condoms, and surgical
interventions such as tubectomy and vasectomy, world human
population (crossed 7 billion by November, 2011) is still growing
(htep:/fwww.worldometers.info/world-population/). It is
projected that human population may cross 9 billion by 2046. For
effective management of human population, scientists have been
working on the feasibility of developing vaccine for contraception.
Such a vaccine entails generating either humoral and/or cell-
mediated immune response against hormones/proteins that
have critical role during reproduction. Immune response thus
elicited will neutralize their biological activity leading to block
of fertility. The feasibility of developing contraceptive vaccine
was supported by nature’s experiments wherein the presence
of naturally occurring auto-antibodies against sperm, zona
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pellucida (ZP) and follicle stimulating hormone (FSH) in women
and men were associated with idiopathic infertility.’® In addition
to growing human population, there is uncontrolled increase in
the population of some animal species. For example, increasing
population of elephants in Africa and Kangaroos in Australia,
is leading to an increasing conflict for habitation between
humans and wildlife species. Further, wild animals may act as
vectors or reservoirs for various diseases of zoonotic importance.
Globally, zoonoses are said to account for approximately 60% of
all infectious disease pathogens (http://www.hpa.org.uk/Topics/
InfectiousDiseases/InfectionsAZ/Zoonoses). For example, dogs
are one of the main vectors harboring rabies virus, which is
transmitted to humans by rabid dog bite. Surgical sterilization
such as spaying of female dogs and castration of male dogs have
failed to control population of stray/homeless dogs in several
developing countries. As a consequence of this, rabies infection
is prevalent in these countries with significant human mortality.’
It is likely that the contraceptive vaccines may provide viable and
humane strategy for the management of wildlife population.

Contraceptive vaccines can be broadly categorized into three
groups. One group of the vaccines aims to inhibit production of
gametes (spermatozoa and egg). These vaccines work by immune-
mediated neutralization of gonadotropin releasing hormone
(GnRH) secreted by hypothalamus. GnRH plays a critical
role in both male and female reproductive system by acting on
the anterior lobe of pituitary gland, leading to the secretion of
luteinizing hormone (LH) and follicle stimulating hormone
(FSH). FSH plays an important role in the development and
maturation of ovarian follicles in females and spermatogenesis
in males. LH has an important role in the steroidogenesis in
both males and females and LH surge in females is critical for
ovulation. Therefore, immune-mediated neutralization of either
LH or FSH or generating immune response against their cognitive
receptors will also lead to the inhibition of gametogenesis,
thus resulting in infertility. Second group of vaccines involves
generating immune response against spermatozoa- or oocyte-
specific proteins with an aim to interfere with their functions
and hence blocking fertilization process. Third group of vaccines
target immune-mediated neutralization of human chorionic
gonadotropin (hCG). Post-fertilization, hCG synthesized and
secreted by growing blastocysts (subsequently placenta), is
considered to be critical for the maintenance of conception.'
Thus, there are multiple targets that can be exploited for the
development of contraceptive vaccines. In this review, we aim
to discuss the current status of various approaches being used to
develop contraceptive vaccines, their merits and limitations for
the management of human and wildlife population. Additionally,
how the lessons learned from usage of contraceptive vaccines in
veterinary applications have helped in refinement of the approach
for humans will be described, wherever applicable.

Contraceptive Vaccines Aimed to Inhibit
Production of Sperm and Eggs

GnRH, LH, FSH and gonadotropins receptors have been
used as immunogens to develop contraceptive vaccines to
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inhibit production of sperm and oocytes. Their current status is

described below:

Contraceptive vaccines based on immune-mediated
neutralization of GnRH
GnRH, a decapeptide (pGlu-His-Trp-Ser-Tyr-Gly-Leu-

Arg-Pro-GlyNH,) is primarily synthesized and secreted by the
hypothalamus.” Its presence/synthesis in other tissues such as
ovary, testis, prostrate and placenta has also been reported.'*'?
In placenta, GnRH may be involved in the synthesis and
secretion of hCG." A variety of GnRH agonists and antagonists
have been developed which have great potential to be used for
contraception, ovarian stimulation protocol during assisted
reproductive technology and treatment of hormone dependent

cancers.”V

Inhibition of the estrus cycle in female mice,
suppression of the estrus in female dogs, prevention of ovulation
in rats and abrogation of the pregnancy in mice and baboons
(Papio anubis) by administration of the murine monoclonal
antibodies (MAbs) against GnRH established that GnRH plays
a critical role during reproduction.’®*° To generate immune
response against the self proteins, their conjugation with a variety
of the carrier proteins such as tetanus toxoid (TT), diphtheria
toxoid (DT), keyhole limpet hemocyanin (KLH) and ovalbumin
etc has been proposed to provide T-cell help. Therefore, in
order to develop contraceptive vaccine based on GnRH, its
conjugation with various carrier proteins has been undertaken.
Immunization of female rats with GnRH conjugated to bovine
serum albumin (BSA) led to anestrous state, decline in LH
levels with unimpaired levels of prolactin and reduced size
of ovaries having mostly small- to medium-sized follicles.”!
Active immunization of female marmosets monkeys (Callithrix
Jjacchus) with GnRH conjugated to TT led to the suppression of
cyclicity concomitant with low levels of sex steroid hormones.
Immunization of male mice with synthetic vaccine comprising of
GnRH linked to muramyl dipeptide through a lysine bridge led
to the inhibition of spermatogenesis and decrease in fertility.? In
an additional approach to develop synthetic vaccine, 7 peptides
comprising of GnRH in tandem with different T-helper epitopes
of F protein of canine distemper virus were synthesized.* Initial
active immunization studies in the beagle foxhounds revealed
that out of 7 peptides, 5 were highly immunogenic and led to the
suppression of testosterone and progesterone. Subsequently, the
cocktail of these 5 peptides was able to elicit high antibody titers
in five different breeds of dogs.*

In addition, attempts have been made to produce GnRH-
based contraceptive vaccine by using recombinant DNA
technology. Manufacture of recombinant vaccine will be cost-
effective as compared with chemically conjugated GnRH-based
vaccine. Further, recombinant vaccines may have less batch-
to-batch variability as compared with chemically conjugated
vaccines. To overcome poor immunogenicity of small self-
peptide, recombinant protein comprising of 12 copies of GnRH
and receptor-binding domain of Pseudomonas exotoxin A has
been expressed in E. co/i.”> Immunization of female rabbits with
the recombinant protein led to generation of high anti-GnRH
antibody titers. The antibodies thus generated, neutralized
in-vivo GnRH activity as evident by the presence of degenerated
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ovaries in the immunized animals.” In another study, cDNA
encoding recombinant proteins comprising of either single
or 3 copies of GnRH linked with an 8 amino acid (aa) hinge
fragment of human IgG, and a T helper peptide of measles virus
protein was made.® The cDNA encoding this complex was
further fused to the C-terminus fragment (aa residues 199-326)
of asparaginase and the protein was expressed in E. coli. The
purified recombinant proteins were released from the respective
fusion protein by cleavage with hydrochloric acid and further
oxidized to make double chain mini protein. Immunization
of rats with recombinant protein corresponding to 3 copies
of GnRH (GnRH3-hinged-MVP) generated higher GnRH
specific antibody response as compared with the recombinant
protein having only 1 copy of GnRH (GnRH-hinge-MVP).?
These investigators extended their studies by further conjugating
GnRH3-hinge-MVP recombinant protein with recombinant
heat shock protein 65 (Hsp 65) of Mycobacterium bovis.”
Immunization of both male and female rats with the above
protein, previously primed with Bacillus Chalmette-Guerin
(BCG), led to infertility. In male rats, atrophy of the seminiferous
tubules and diminished spermatogenesis was observed. In female
rats, immunization with this vaccine led to decrease in the size of
uteri and reduced ovarian follicular development.?”

Recombinant GnRH-based vaccine comprising of 5 repeats
of GnRH interspersed by 4 T non-B cell epitopes corresponding
to circumsporozoite protein of Plasmodium falciparum, TT,
respiratory syncytial virus, and measles virus has also been
expressed in E. coli.*® In addition, the same group has also made
another recombinant protein in E. coli with 5 copies of GnRH
and an additional T-cell epitope of Mycobacterium tuberculosis.*®
Immunization of rats with both the above recombinant proteins
led to the generation of high titer of anti-GnRH antibodies,
decline in testosterone levels to castration levels and atrophy of
the prostrate.”” Immunization of male dogs with E. coli-expressed
recombinant protein encompassing GnRH and T helper cell
epitope p35 of canine distemper virus F protein also inhibited
spermatogensis.”’

Veterinary applications of GnRH-based contraceptive vaccine

In view of the above scientific observations, GnRH-based
contraceptive vaccine may be useful for the management of
the wildlife population such as white-tailed deer (Table 1),
dogs and cats and may prove to be a good alternative to
surgical sterilization.»?” Pre- and post-pubertal rams and boars
accumulate androgen derivatives namely androstenone and
skatole in their adipose tissues, which gives an unpleasant odor
to meat. Therefore, castration of male pigs is routinely performed
in order to prevent the occurrence of the boar taint. To avoid
surgical castration, immunological castration by employing
GnRH-based contraceptive vaccine has also been proposed to
remove the pig taint (Table 1).3%%°

Contraceptive vaccines based on immune-mediated
neutralization of LH

Keeping in view that LH also plays an important role in
reproduction (steriodogenesis in both sexes and ovulation
in females), it has also been investigated as a candidate for
developing contraceptive vaccine. LH, FSH, hCG and thyroid

www.landesbioscience.com

stimulating hormones (TSH) are composed of two subunits;
a-subunit is common in all the four hormones. The B-subunit
imparts specificity to these hormones. Active immunization of
female rhesus monkeys with the B-subunit of ovine LH (3-oLH)
led to inhibition of fertility, which was accompanied by reduced
progesterone levels during luteal phase.®” The anti-fertility
effect mediated by active immunization with B-oLH could be
reversed by administration of medroxyprogesterone acetate.!
In addition to LH, the potential of LH-receptor has also been
studied. Active immunization of prepubertal male mice with
baculovirus-expressed recombinant porcine LH receptor proteins
corresponding to either 1-297 aa or 1-370 aa resulted in the
decrease of testosterone levels and spermatogenesis.*” The fertility
of the immunized mice was reduced up to 75%.

Contraceptive vaccines based on immune-mediated
neutralization of FSH

ESH plays a crucial role in the development of ovarian
follicles in females and seminiferous tubules and spermatogenesis
in males. The importance of FSH during spermatogenesis is
evident by two different observations; (1) Administration of
FSH antibodies in male bonnet monkeys (Macaca radiata) led
to decline in spermatogenesis and thereby fertilicy;* (2) FSH
receptor knocked out (FORKO) male mice have underdeveloped
testes, reduced serum testosterone levels and spermatogenesis
and thus have lower fecundity.** Active immunization of
male rhesus monkeys with ovine FSH (oFSH) led to decrease
in spermatogenesis, without any adverse effect on the serum
testosterone levels.” However, after two years, in spite of high
anti-FSH antibody titers, immunized animals showed return
of spermatogenesis with sperm count in the normal range.
The sperm morphology, motility and their ability to penetrate
zona-free hamster eggs was normal.® In another study, active
immunization of male bonnet monkeys with oFSH led to a
significant decrease in the sperm count in the semen ejaculate,
within 150 d post-immunization.” Immunization with oFSH
had no significant effect on testosterone levels and animals had
normal libido. The immunized male monkeys when used for
mating with normal females, failed to impregnate suggesting
that this immunization procedure led to infertility. The block
in fertility was reversible as concomitant with the decline in the
anti-oFSH antibody levels, animals regained fertility.” Active
immunization with oFSH did not lead to any side effects.””

Keeping in view the encouraging observations in non-
human primates, the group headed by Prof N. R. Moudgal,
Indian Institute of Science, Bangalore, India undertook a pilot
study in humans, wherein 5 men were immunized with oFSH
(Table 2).“% Anti-oFSH antibodies reacted with human FSH
(hFSH) as determined by their binding to '®I-labeled hFSH
in a radioimmunoassay. Bio-neutralization activity of the
immune sera was determined by using sheep testicular receptor
binding inhibition assay, which basically involved incubation
of particulate sheep testicular FSH receptor with '»I-FSH in
presence of immune serum samples.” To determine human
spermatozoa fertilizing ability, an in-vitro sperm binding and
penetration assay employing zona-free hamster eggs has also been
developed.”® The assay has an advantage as it avoids the ethical
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Table 1. Contraceptive vaccines for wildlife population management and their relevance for human contraception

Target species Vaccine formulations

Observations

Relevance for human contraceptive vaccine

GnRH-based contraceptive

Immunization of male pigs

Observed inhibition of gonadotropins, sex

Male pigs ) 2 led to immuno-castration and steroid hormones, atrophy of testes and prostate,
vaccines; Improvac . . . - . )
improvement in the meat quality. contraindicate its use in humans
Wild horses Used to manage the population of Safety of long-term vaccination encourage
Native porcine ZP proteins wild horses at Assateague Island exploration of ZP-based contraceptive vaccine for
(Equus caballus)

National Seashore, MD, USA.

humans

GnRH-based contraceptive
vaccines; GonaCon™
Native porcine ZP proteins

White-tailed deer
(Odocoileus virginianus)

Active immunization led to
reduction in their fawning rates
Used to manage the population of
white-tailed deer inhabiting Fire
Island National Seashore, NY, USA

GnRH-based contraceptive vaccine are not proposed
for humans due to disturbed hormonal profile
For humans, ZP-based immunogens should be devoid
of oophoritogenic epitopes

African elephant

(Loxodonta africana) Native porcine ZP proteins

Inhibition of fertility in the
immunized female elephants.

Heterologous immunization feasible

and logistic problems associated with the use of human eggs. In
some immunized volunteers, a reduction in the sperm count was
also observed. No significant changes in the levels of LH, FSH
and testosterone were observed in the immunized men. However,
a significant reduction in the seminal plasma transferrin was
observed.*

In addition to FSH, its receptor has also been used as an
immunogen to develop contraceptive vaccine. Immunization
of male bonnet monkeys with recombinant FSH receptor
protein corresponding to aa residues 1-134 of the extracellular
domain led to the generation of receptor blocking antibodies.’
An impairment in the transformation from spermatogonia
to primary spermatocytes was observed in the immunized
monkeys. Breeding studies revealed that the immunized animals
were infertile between 242-368 days of immunization.”
Filamentous phages displaying mouse LH and FSH receptor
decapeptides corresponding to either receptor specific exon 1 (aa
residues 18 to 27) or to the homologous exon 4 (aa residues 98
to 107) were engineered.’”? Vaccination of prepubertal BALB/c
male mice with engineered phages produced both agonist or
antagonist effects leading to reversible contraception. Targeting
LH receptor either inhibited or hyperstimulated production of
testosterone from leydig cells whereas targeting FSH receptor did
not affect testosterone levels.”? In another study, priming with
recombinant hFSH receptor protein (F140) and boosting with
a peptide (aa residues 32-44) led to the inhibition of fertility
with simultaneous damage to the reproductive organs in male
mice.® To avoid damage to the reproductive organs but still
achieving infertility, priming with the peptide as well as boosting
with the same peptide has been proposed.”® This immunization
regimen led to a decrease in fertility, 10 weeks after vaccination.
No pathological damage to seminiferous tubules and interstitial
cells was observed in peptide prime-boost strategy.®

Use of contraceptive vaccines based on GnRH, LH, FSH
and gonadotropin receptors in humans: Lessons learned from
studies in animals

Immunization with GnRH-based contraceptive vaccine
inhibited the secretion of gonadotropins (LH and FSH), sex steroid
hormones (testosterone in males; estradiol and progesterone in
females) and caused generalized atrophy of reproductive organs
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(testes, ovaries, prostrate etc). Keeping in view of these undesirable
consequences, subsequent to immunization with GnRH, GnRH-
based contraceptive vaccine is not being developed for fertility
regulation in humans. Similarly, contraceptive vaccines based
on LH or its receptor which lead to disturbances in hormonal
levels, are also not being pursued as feasible proposition for the
management of fertility in humans. The results from initial
Phase-I studies on oFSH-based contraceptive vaccine in men are
encouraging. However, the potential of FSH and/or its receptor
based contraceptive vaccines warrant further investigations to
establish a workable proposition for achieving contraception
without any untoward side-effects.

Contraceptive Vaccines Based on Sperm and Eggs
Specific Proteins

Spermatozoa- and egg-specific proteins that are involved in
their development and functions leading to successful fertilization
also provide an exciting option to develop contraceptive vaccines.

Spermatozoa-associated proteins

Immunization of female mice or humans with either sperm or
their extracts led to the production of anti-sperm antibodies and
infertility.*> Though these studies suggested that immunization
with sperm can lead to infertility; however, these studies had a
drawback of the presence of several proteins that were shared
by other somatic cells. It is critical that antibodies developed by
contraceptive vaccine based on spermatozoon-specific proteins
should not react with any other somatic cells. As a prelude to
in-vivo efficacy studies of the contraceptive vaccines based
on sperm proteins in suitable animal models, the anti-sperm
antibodies may first be evaluated using in-vitro functional assays.
The most commonly used in-vitro tests for this purpose are based
on studying the effect of anti-sperm antibodies on sperm motility
>69 The effect of anti-sperm antibodies
to inhibit in-vitro fertilization is commonly used as a correlate

and in-vitro fertilization.

of in-vivo efficacy. In-vitro fertilization assay can be performed
by using super-ovulated eggs and capacitated sperm from various
species. Depending upon the target sperm antigen being used
to propose contraceptive vaccine both zona-denuded as well as
zona-encased oocytes has been used. A variety of sperm-specific
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Table 2. Clinical trials of contraceptive vaccines in humans

Immunogen Salient findings References
Immunization of men with oFSH led to generation of bio-neutralizing antibodies.
oFSH Reduction in sperm count observed in some immunized subjects. No change in LH, 48
testosterone and TSH concentration.
CTP of B-hCG
(aa residues 109-145) conjugated Immunization of 30 sterilized women revealed vaccine to be immunogenic and safe. 141
to DT
Immunization studies in women revealed vaccine to be immunogenic and safe. 143, 144
B-hCGTT Antibodies thus generated neutralized hCG. Women with low antibody titers were not 145’ 146’
protected from pregnancy. !
Phase Il clinical trials in fertile women revealed it to be safe and more immunogenic
B-hCG-a-oLH-TT/ as compared with 3-hCG-TT. Only one pregnancy reported from 1224 mating cycles 147.148
3-hCG-a-oLH- DT in women having anti-hCG antibody titers above 50 ng/ml. Inhibition of fertility was '
reversible.

proteins have been identified, characterized and their potential
to inhibit fertility evaluated in suitable animal models. The
characteristics of some of these proteins and their efficacy to
inhibit fertility are described below:

LDH-C,

It is an isozyme of lactate dehydrogenase, made up of
homotetramer of C- subunits and is specific to vertebrate

60 Sub-cellular localization studies suggests its

spermatozoa.
presence in the cytosol of spermatocytes and spermatids, and
in the principal piece of spermatozoa. LDH-C, null male mice
showed normal spermatogenesis and testes development but
reduced fertility." Sperm from these mice had lower motility
and reduced fertilization capacity. Female mice immunized with
mouse LDH-C, by intrauterine route developed antibodies against
LDH-C, and immunized animals showed sub-fertility.* Further,
male mice immunized systemically with LDH-C, also showed
reduction in fecundity.®* Immunogenicity and contraceptive
efficacy of LDH-C, peptides (human LDH-C, aa residues
1-20 and 9-20; and baboon LDH-C, aa residues 5-19) either
alone or as a chimeric peptide incorporating promiscuous T-cell
epitope of TT have been evaluated in rabbits and baboons.* The
chimeric peptide (baboon LDH-C, aa residues 5-19) was more
immunogenic and reduced fertility by 62% in the immunized
baboons.®* However, subsequent contraceptive efficacy studies
with the same chimeric peptide (baboon LDH-C, aa residues
5-19) in female cynomolgus macaque did not yield the desirable
contraceptive efficacy.”

PH20

It is present on the guinea pig sperm and is involved in the
adhesion of the spermatozoa to the zona pellucida (ZP) matrix.
Gonad specific expression of PH20 has also been documented in
humans and cynomolgus monkeys etc.®® Active immunization
of the male and female guinea pigs with PH20 led to 100%
contraceptive efficacy, which was reversible.®

Fertilin (PH30)

Fertilin is composed of a (791 aa residues) and B (735 aa
residues) subunits in mice. In humans, gene for a subunit is non-
functional and B subunit is 735 aa long. Besides, fertilin has also
been found in cynomolgus monkeys, rats, guinea pigs, rabbits,
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pigs, etc. It is present on the sperm surface and plays an important
role during sperm adhesion to oocyte and subsequent fusion with
the egg plasma membrane (oolemma). Immunization of male
guinea pigs with purified guinea pig fertilin resulted in complete
infertility, whereas immunization of female guinea pigs resulted
only in partial infertility.® On the contrary, immunization of
male and female European rabbits (Oryctolagus cuniculus) with E.
coli-expressed recombinant o or B-fertilin led to partial inhibition
of fertility.” Only 4 out of 33 immunized female rabbits failed
to conceive.

Sp10

Sp10 from ejaculated human sperm exhibited polymorphism
of immunogenic peptides ranging from 18 to 34 kDa.”
Immunocytochemistry studies revealed its presence on round
spermatids and spermatozoa within the adluminal compartment
epithelium.
revealed that it cannot be detected on acrosome-intact sperm

of seminiferous Immunofluorescence studies
and is detectable only after acrosome reaction.”” Recent studies
showed that immunization of male mice with recombinant Sp10
resulted in sterility.”

Sp17

Sp-17 is a 151 aa residues long polypeptide in humans,
while in mice it is composed of 149 aa residues. Localization
studies revealed its presence in the cytoplasm of head region of
the spermatozoa and throughout the tail region.”” Earlier this
protein was considered to be testis specific, but subsequently its
expression has also been documented in several somatic tissues in
mice, which however, is much lower as compared with testis.”® Its
expression is enhanced in various types of cancers and may play
an important role in cell migration and adhesion. Immunization
of female BALB/c mice with synthetic peptide encompassing
dominant B-cell epitope of rabbit Spl7 (aa residues 58—66;
AEWGAKVDD) and promiscuous T-cell epitope of bovine
RNase (aa residues 94-104) led to a dose-dependent reduction
in fertility.”* However, the infertility mediated by this chimeric
peptide was mouse strain-specific as no effect on fertility
was observed in the immunized B6AF1 mice. It was further
demonstrated that induction of peptide-specific T-cell responses
and cytokines were major factors in mediating infertility.”
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Sp56

In mouse, it is a 579 aa long protein, present on plasma
membrane of the spermatozoa head region and plays an important
role in sperm-egg interaction.”” Immunization of female BALB/c
mice with E. coli-expressed recombinant Sp56 fusion protein
led to sub-fertility.”* However, sp56 null mice showed normal
fecundity and thus undermining its role during fertilization.”

Fertilization antigen (FA)-1

In mice, this protein is 164 aalong and is shown to interact with
zona pellucida glycoprotein-3 (ZP3) in-vitro.”® It is localized on
post-acrosomal region of the spermatozoa and the MAbs against
human FA-1 were shown to inhibit bovine in-vitro fertilization.>
Immunization of mice with recombinant FA-1 led to generation
of the spermatozoa/testis-specific antibody response resulting in
reversible inhibition of fertility by affecting sperm-zona binding
and the fertilization process.”

Lzumo

It is an immunoglobulin superfamily protein and plays an
important role in fusion of sperm membrane with oolemma. In
humans, this protein is 350 aa long and in mice 397 aa long. It is
located on the inner acrosomal membrane of spermatozoa and is
accessible to the antibodies only after acrosome reaction. Izumo
knockout male mice are sterile but otherwise healthy.” Sperm
from these animals bind to the zona pellucida, penetrate normally
but were incapable of fusing with the eggs.”” Active immunization
studies in mice with the recombinant Ig-like domain of Izumo
showed reduction in fertility of immunized animals.”® In addition
to Ig-like domain of Izumo, synthetic peptides corresponding
to Izumo (aa residues 166182, 308-323, 341-359, 371-385)
conjugated with different carrier proteins also showed their
contraceptive potential during active immunization studies
in mice.*® Interestingly, the contraceptive efficacy of synthetic
peptide corresponding to Izumo was enhanced when the animals
were co-immunized with synthetic peptides corresponding to
FA-1, Sp56 and YLP,, conjugated with various carrier proteins.®

YLP,

Using the phase display technique, a novel dodecamer
sequence (YLPVGGLRRIGG) designated as YLP, was
identified that binds to the ZP3-primary sperm receptor.®! It was
localized in the acrosomal region of the human spermatozoa.
Active immunization studies with this peptide conjugated with
the binding subunit of recombinant cholera toxin led to block
in fertility, which was reversible as antibody titers declined.®
Further, immunization of female mice with virus-like particles
(VLPs) derived from Johnson Grass Mosaic Virus coat protein
expressing YLP | as a fusion peptide with ZP3 peptide or physical
mixture of VLPs presenting either YLP , or ZP3 epitope led to
the curtailment of fertility.®

CatSperl

Cation channels of sperm (CatSper) have also been explored for
their contraceptive potential. There are four members in CatSper
family, which form heterotetrameric channels. Mice deficient in
any member of the family are completely sterile. These channels
are located in the principle piece of the spermatozoa tail and are
required for its hyperactivation and motility. Immunization of
female mice with synthetic peptides corresponding to predicted
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B-cell epitopes in the extracellular part of the transmembrane
domains and pore region of CatSperl that share high identity at
aa level between mouse and human CatSperl led to inhibition of
fertility.* The sperm from immunized animals showed impaired
ability to fertilize eggs in-vitro.

Eppin

Eppin stands for epididymal protease inhibitor, which is a
serine protease inhibitor present on the surface of entire sperm.
It is 134 aa long protein in mice and 133 aa long in humans.®
Immunization of male bonnet monkeys (Macaca radiata)
with eppin led to the generation of high antibody titers with
concomitant infertility in approximately 78% of the immunized
8 Block in fertility was reversible as 5 out of 7 high-titerd

monkeys regained fertility, subsequent to decline in the antibody
86

animals.

titers.

80 kDa human sperm antigen

It is a glycoprotein whose expression is confined to
male gonads.” Immunization with the synthetic peptides
(NTRVAGQTVAFL and LFPQYVAYITNLKA) corresponding
to 80 kDa Human Sperm Antigen conjugated to KLH led to
reversible block of fertility in male rabbits.®® Immunization with
synthetic peptide (LFPQYVAYITNLKA) conjugated to KLH
also led to block of fertility in male marmosets.®

Proacrosin

Itis aserine protease present in acrosome of mammalian sperm.
Itis 421 aalong in humans and is synthesized as proacrosin, which
is processed into active form, acrosin. Proacrosin/acrosin plays an
important role in the binding and penetration of the acrosome-
reacted sperm through ZP matrix. Active immunization of male
mice with DNA vaccine encoding proacrosin led to decrease in
fertility of the immunized animals.” A decrease in litter size was
also observed as compared with the control group. The antibodies
thus elicited by immunization with DNA vaccine also led to the
inhibition of sperm-zona binding and Ca**- ionophore induced
acrosome reaction.”’

Cystein-rich secretory protein-1 (CRISP1)

It is an epididymal protein which belongs to CRISP (Cystein-
Rich Secretory Proteins) family.** Its size in humans is 249 aa
and in mice it is 244 aa. CRISP! deficient mice showed normal
fecundity but sperm showed lesser capability to fuse with egg
during in-vitro fertilization.”® A part of the protein is lost during
the capacitation while remaining part migrates from the dorsal
side of sperm to the equatorial region after capacitation and
acrosome reaction.”” Immunization of male and female mice
with the DNA vaccine encoding mouse CRISP1 showed reduced
fertilicy.”!

Relevance of sperm-based contraceptive vaccine for use in
humans

The above studies showed variable contraceptive efficacy of
a variety of spermatozoa-associated proteins in different animal
models. These active immunization studies have not revealed
any untoward side-effects. One can argue that how critically
the side-effects have been examined by various researchers while
evaluating the contraceptive potential of sperm-specific proteins.
So far, no contraceptive vaccine based on sperm-specific proteins
has gone through pre-clinical safety evaluation in animal models
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and thus not entered into the Phase-I clinical trials in humans.
Further scientific inputs and rigorous investigations are required
to propose a candidate contraceptive vaccine based on sperm-
specific antigens for use in humans.

Contraceptive vaccines based on zona pellucida glycoproteins

Mammalian egg is surrounded by an extracellular
glycoproteinaceous matrix known as zona pellucida (ZP). It
plays a critical role in relative species-specific binding of the
spermatozoon to the oocyte, induction of the acrosome reaction
in the zona bound spermatozoa, prevention of polyspermic
fertilization and protection of the growing blastocyst till
implantation takes place. In mammals, ZP matrix is composed
of either 3 or 4 glycoproteins.”* In mice, it is composed of
3 glycoproteins designated as ZP glycoprotein-1 (ZP1), -2
(ZP2) and -3 (ZP3). In pigs and dogs, it is also composed of 3
glycoproteins but instead of ZP1, ZP glycoprotein-4 is present.
In rats, hamsters, non-human primates and humans, ZP matrix
has all the 4 glycoproteins. Structure and functions of all the four
ZP glycoproteins during fertilization from various species has
been investigated by various groups, which have been reviewed
recently.”? Sequencing of all the four ZP glycoproteins from
various species revealed that a given zona protein has variable
degree of sequence conservation at the aa level. This property of
ZP proteins has made heterologous immunization as a feasible
proposition. For example, antibodies generated against porcine
ZP3 showed immunological cross-reactivity with human ZP.”?
Active immunization of females using various animal models
with either the crude porcine zonae pellucidae or the purified
native porcine zona proteins led to the curtailment of fertilicy.”**
Observed infertility was invariably associated with ovarian
dystrophy accompanied by follicular attresia. However, use
of highly purified native porcine zona proteins supplemented
with adjuvants other than complete Freund’s adjuvant led to a
significant decrease in ovarian pathology.”s1%

Utility of native ZP-based contraceptive vaccine for wildlife
population management

In spite of the observations that immunization with ZP
glycoproteins lead to ovarian dystrophy, ZP-based contraceptive
vaccines have been found useful in the wildlife population
management. Contraceptive vaccine based on porcine ZP has
been used for decades to manage population of feral horses
(Equus  caballus) at Assateague Island National Seashore,
MD, USA (Table 1).1°"2 It was shown that third consecutive
annual booster of porcine ZP led to 79% efficacy in preventing
192 In addition to wild horses, porcine ZP
based contraceptive vaccine has also been used to control the

pregnancies in mares.

population of white-tailed deer (Odocoileus virginianus) inhabiting
Fire Island National Seashore, NY, USA (Table 1).'9'% Between
1993 and 1999, fawning rates among individually known vaccine
treated adult female deer decreased by 78.9% from pretreatment
rates.' The porcine ZP based vaccine was delivered remotely by
using dart-gun approach. Long-term follow-up of the porcine
ZP immunized wild horses and white-tailed deer did not reveal
any significant debilitating health effects.’®>'” The potential of
porcine ZP-based contraceptive vaccine to control the population
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of African elephant (Loxodonta africana) has also been explored
(Table 1).18

Potential of recombinant ZP proteins for inhibiting fertility

Use of recombinant ZP proteins as candidate for developing
contraceptive vaccines has been proposed to overcome the
limited availability of purified native porcine zona proteins from
pig oocytes and the possibility of contamination by other ovarian
associated proteins. Immunization of female mice with E. coli-
expressed recombinant porcine ZP3 and ZP4 with or without
promiscuous T cell epitopes of either TT or bovine RNase led to
the generation of high antibody titers with concomitant decrease
in fertility.!”” In general, fusion proteins with promiscuous T cell
epitopes generated higher antibody titers as well as contraceptive
efficacy as compared with recombinant porcine ZP3 and ZP4
without promiscuous T cell epitope. The litter size in the
immunized animals was significantly decreased as compared with
the control group.'” Immunization of female marmoset (Callithrix
Jjacchus) with the recombinant human ZP3 expressed in Chinese
Hamster Ovary (CHO) cells induced long-term infertility.!
Immunized animals showed ovarian pathology associated
with the depletion of primordial follicles.'®
cynomolgus monkeys (Macaca fascicularis) and baboon (Papio

Immunization of

cynocephalus) with various mammalian-expressed recombinant
human ZP glycoproteins revealed that those immunized with
ZP4 showed higher contraceptive efficacy as compared with
those immunized with ZP2 or ZP3."' During the period of
high antibody titers, some immunized animals experienced
disruption of the menstrual cycles, which subsequently returned
to normal. Immunization of female baboons (Papio anubis) with
E. coli-expressed recombinant bonnet monkey ZP4 conjugated
to DT led to reversible block of fertility."* Using homologous
animal model, female bonnet monkeys immunized with E. coli-
expressed recombinant bonnet monkey ZP4 conjugated with DT
also led to the generation of high antibody titers against ZP4 as
well as DT." Mating of immunized females with males of proven
fertility did not result in conception. Long-term follow-up of the
immunized female monkeys revealed that they failed to conceive
even when the antibodies against ZP4 were not detectable in the
serum. Ovarian histopathology revealed the presence of attretic
follicles with degenerated oocytes.'”® Reasons for reversible vs.
irreversible block of fertility by recombinant bonnet monkey
ZP4 coupled to DT in female baboons as compared with bonnet
monkeys are not clear at this stage. In addition, immunization
of non-descript females dogs with E. coli- expressed recombinant
dog ZP3 conjugated with DT also led to the curtailment of
fertility.""* Ovarian histology of the immunized dogs revealed
degenerative changes in the ZP matrix and follicular attresia. To
avoid chemical conjugation of recombinant dog ZP3 with DT,
fusion protein encompassing promiscuous T-cell epitope of TT
(aa residues 830—844) followed by dilysine linker and dog ZP3
(TT-KK-ZP3) has been expressed in E. coli.'® Further, the protein
has been expressed without His -tag as presence of His -tag may
influence immunogenicity and efficacy of a vaccine as shown
for recombinant MSP1 protein of Plasmodium falciparum."®
The process for purification of recombinant TT-KK-ZP3 from
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inclusion bodies was optimized. Significant reduction in fertility
was observed in female mice immunized with the recombinant
TT-KK-ZP3.'"5 In Australia and New Zealand, the potential
of recombinant brushtail possum (Zrichosurus vulpecula) ZP3
protein to control the fertility of Koalas (Phascolarctos cinereus)
and Eastern Grey Kangaroos (Macropus giganteus) has also been
investigated.!!!8

Inhibition of fertility by DNA vaccine encoding ZP proteins

Immunization of mice with DNA vaccines encoding either
bonnet monkey ZP4 or canine ZP3 led to the generation of
antibodies reactive with respective native ZP matrix."*%
Antibodies generated by DNA vaccine encoding bonnet monkey
ZP4 also led to inhibition of the binding of human sperm to
human ZP!'" Antibodies elicited by DNA vaccine encoding
chimeric protein comprising the epitopes of human ZP3 and ZP4
led to significant reduction in the acrosome reaction mediated
by the recombinant human ZP3 and ZP4 in capacitated human
sperm.'”!

The prospect of using DNA vaccine encoding partial
sequence of rabbit ZP3 (aa residues 263—415) to inhibit fertilicy
in female mice has been demonstrated.””? Immunized female
mice showed ovarian follicles at different stages of development
suggesting that this immunization protocol had no adverse effect
on ovarian functions.!?? Co-immunization of female mice with
the DNA vaccine encoding mouse ZP3 and recombinant ZP3
led to a significant inhibition of fertility.!” Ovarian histology
revealed normal follicular development, which was associated
with reduced T-cell responses. This immunization regimen led
to a decrease in the production of inflammatory cytokine and
IFN-vy. An increase in the production of IL-10 and Fox P3 in
CD4 T cells was also observed suggesting involvement of the T
regulatory cells.'” These studies demonstrated that ZP-based
DNA vaccines can elicit bioactive antibodies; however, further
investigations are required to propose a practical proposition for
controlling population of either humans or animals at the field
level.

Live vector-based contraceptive vaccines expressing ZP proteins

In addition to using recombinant zona proteins, attempts have
also been made to immunize animals with genetically modified
live vectors to generate immune response against zona proteins.
Immunization of mice with attenuated Salmonella typhimurium-
expressing mouse ZP3 by oral route led to the generation of
anti-ZP3 antibodies.'*
fertility. Host-specific live vectors expressing zona proteins have

Immunized animals showed reduction in

also been evaluated for their contraceptive potential. For example,
mice infected with recombinant ectromelia virus (a natural
pathogen that causes mouse pox) expressing mouse ZP3 were
infertile for 5 to 9 mo after infection.'” Infertility was found to
be associated with disruption in ovarian follicular development.
Female rabbits infected with recombinant myxoma virus
expressing rabbit ZP4 (previously designated as ZPB) showed
presence of anti-ZP4 antibodies and infertility accompanied
126127 Boosting of rabbits infected with
recombinant myxoma virus with recombinant rabbit ZP4 led

with ovarian pathology.

to further curtailment in fertility.'”” Subsequently, recombinant
myxoma virus expressing rabbit ZP2 and ZP3 have also been
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made.'?® Infection of female rabbits with myxoma virus expressing
rabbit ZP2 had no effect on fertility, in spite of the generation of
anti-ZP2 antibodies. However, animals infected with myxoma
virus expressing rabbit ZP3 led to infertility.'*® Disruption in the
development of the ovarian follicles was observed from 15 to 40
d post-infection. Subsequently, ovarian follicles development was
normal.'?® Infection of mice with recombinant cytomegalovirus
(mouse-specific B herpes virus) expressing mouse ZP3 also led
to permanent infertility, principally due to induction of the
ovarian autoimmune pathology leading to progressive oocyte
depletion.!#>13

The idea of developing host-specific live vector-based
contraceptive vaccine to control the population of pests such as
wild rats and rabbits in Australia was to release these live vector
contraceptive vaccines in the environment so that recombinant
virus gets transmitted from one animal to another, thereby
leading to effective management of their population. However,
one of the limitations of this approach is that recombinant
virus has lower infectivity as compared with wild type. Second,
environmentalists have expressed concern about the stringency
of the host-specificity of viruses and its consequences, if by
chance these recombinant viruses loose host specificity. Keeping
this in view, Commonwealth Scientific Industrial Research
Organization (CISRO), Australia has stopped funding this
approach for controlling the population of pests such as wild rats
and rabbits.

Lessons learned from animal studies to investigate the
feasibility of developing ZP-based vaccine for contraception in
humans

The observed ovarian pathology in various animal models,
subsequent to immunization with the zona protein-based
contraceptive vaccine, is one of the major hurdles in their
application for contraception in humans. It was demonstrated
that the oophoritis was mediated due to the presence of
oophoritogenic T-cell epitope using mouse ZP3 as a model
31132 Tmmunization of mice with B cell epitope of ZP3,
segregated from oophoritogenic T cell epitope, led to block in

antigen.

fertility without ovarian pathology.’3 Keeping these observations
in view and with an aim to develop safe contraceptive vaccine
for application in humans, various groups have mapped B cell
epitopes of various zona proteins with the premise that antibodies
generated against these immunogens will elicit antibodies
blocking sperm-egg interaction and will not lead to ovarian
pathology. The MAbs have been used to map the relevant B cell
epitopes of various ZP proteins. As an example, MAbs against
E. coli-expressed recombinant bonnet monkey ZP4, reacting
with the ZP of human eggs, have been used to map the B cell
epitopes.’** Before mapping the B cell epitopes recognized by
MAbs, it is pertinent to establish the in-vitro contraceptive
efficacy of these antibodies. Classically, either Sperm Binding
and Penetration Assay or Hemizona Assay have been employed
for this purpose.’**'* To avoid variability in the number of sperm
bound per egg, hemizona assay has been increasingly employed by
various researchers. The assay basically uses human eggs cut into
two halves using micromanipulators, where one half is incubated
with the pre-immune or control serum sample and other half
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incubated with immune or test serum sample. After incubation,
each hemizona is rinsed in fresh medium before exposure to
capacitated human sperm. After co-incubation, each hemizona
is again rinsed vigorously to detach loosely bound sperm. The
number of sperm tightly bound to the outer hemizona surface
is counted. The results are expressed as Hemizona Index (HZI)
calculated by dividing the number of bound sperm in test serum
by number of bound sperm in control serum multiplied by 100.
Using immunogens corresponding to defined epitopes, reduction
in fertility without concomitant ovarian pathology was observed
in white-tailed deer immunized with porcine ZP4 peptide
corresponding to aa residues 79-130 and mice immunized with
mouse ZP3 peptide corresponding to aa residues 328—442.13¢1%7
Immunization of female bonnet monkeys with synthetic peptide
of bonnet monkeys ZP3 conjugated with DT also led to block
of fertility.'?®
follicular development.'®® These observations suggest that it is

Immunization had no effect on the ovarian

feasible to develop ZP-based contraceptive vaccine by employing
immunogens corresponding to B cell epitopes and devoid of
oophoritogenic T cell epitopes to achieve contraception without
oophoritis for eventual use in humans.

Contraceptive Vaccines Based on hCG

The B-subunit of hCG is 145 aa long and as compared
with B-hLH, it has a unique extension of 30 aa at C-terminus
designated as Carboxy Terminus Peptide (CTP). Both CTP of
B-hCG and B-hCG have been used as candidate immunogens
to develop immunocontraceptive vaccine for human application.

Contraceptive vaccines based on CTP of 3-hCG

Immunization of female baboons with CTP of B-hCG
conjugated to DT led to the curtailment of fertility.'”
Subsequently, Phase I clinical trials of birth control vaccine
incorporating synthetic CTP (109-145 aa residues) was
conducted in 30 sterilized (by tubal ligation) women at Bedford
Park, Australia by WHO Task Force on Vaccines for Fertility
Regulation (Table 2)." Follow-up of the immunized women for
6 mo did not reveal any important adverse reactions. In the group
of women immunized with the highest dose of vaccine, potentially
contraceptive levels of antibodies to hCG were generated.'*
Encouraged by the findings from Phase I clinical trials of CTP
of B-hCG based birth control vaccine, WHO initiated Phase I1
clinical trials in Sweden. However, due to unacceptable adverse
reactions in the vaccinated women, the continuation of Phase II
clinical trial was abandoned. To enhance the immunogenicity
of synthetic CTP vaccine, microsphere formulations based
on polylactic-co-glycolic acid incorporating synthetic CTP
vaccine comprising promiscuous T-cell epitope of TT co-linearly
synthesized with CTP of B-hCG from aa residues 111-145 has
been evaluated."! Single injection of this formulation in rabbits
elicited a strong antibody response with equivalent duration
as achieved by 3 injection schedule of the same immunogen
delivered in squalene-based water-in-oil emulsion.

Contraceptive vaccines based on 3-hCG

In addition to CTP of 3-hCG, whole 3-hCG conjugated with

different carrier proteins as an immunogen for the development
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of birth control vaccine has also been investigated with the notion
that antibodies generated against B-hCG will have better bio-
neutralization capacity for hCG as compared with those generated
against CTP of B-hCG. After extensive immunogenicity and
safety studies in various animals models, including non-human
primates, the first prototype vaccine comprising 3-hCG linked
to TT, underwent Phase I clinical pharmacological trials at two
centers in India as well as centers at Helsinki, Uppsala, Bahia
and Santiago (Table 2)."*'® These investigations revealed that
the vaccine is immunogenic but antibody titers varied among
immunized women. The formulation generated low antibody
titers in appreciable number of the immunized women. However,
immunization with this formulation was safe. Subsequently
to increase its immunogenicity, B-hCG was annealed to
a-subunit of oLH, which was conjugated with either TT or DT
(B-hCG-a-oLH-TT/B-hCG-a-oLH-DT). After establishing its
immunogenicity and safety in various animal models, Phase II
clinical trials in fertile women were initiated at multiple centers
in India (Table 2). Active immunization of women with B-hCG-
a-oLH-TT/B-hCG-a-oLH-DT led to the generation of hCG
neutralizing antibodies."®'¥ The hCG neutralization capacity
of antibodies was estimated by Receptor Binding Inhibition
Assay."" Basically, the assay involved incubation of Wistar rat’s
testicular homogenate with various dilutions of immunized
women serum samples and 1 ng of '*I-labeled hCG for 2 h at 37
°C. Dilution of serum samples resulting in 50% inhibition in the
binding of '*I-hCG were computed by regression analysis. Bio-
neutralization capacity was expressed in ng of hCG neutralized
per ml of the serum. Immunized women with circulating bio-
neutralizing antibody titers above 50 ng/ml were protected
against conception. Only one pregnancy was observed out of
1224 cycles in women with antibody titers above 50 ng/ml.
Block in fertility was reversible, as immunized women conceived
when antibody titers declined to less than 35 ng/ml. However,
this vaccine formulation with an improved immunogenicity
also failed to elicit anti-hCG antibody titers above protective
threshold in 100% of the recipients. To overcome dependence
on the availability of purified 3-hCG from native source (urine
from pregnant women) and to further improve immunogenicity,
fusion recombinant protein comprising of B-subunit of E. coli
heat-labile enterotoxin and B-hCG was expressed in Pichia
pastoris)®® The recombinant protein adsorbed on Alhydrogel
when used along with Mycobacterium indicus pranii generated
very high anti-hCG antibody titers in 100% of the immunized
animal."®'¥ The antibody titers generated in different strains of
mice were several fold higher than the protective threshold of 50
ng/ml in women."” Further studies are awaited to ascertain the
immunogenicity and contraceptive efficacy of this recombinant
protein in women.

Strengths and Weaknesses
of Contraceptive Vaccines

One of the strengths of the contraceptive vaccines is that
the infrastructure to deliver vaccines exists in most developing
countries. It is likely that the immunological approaches
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for contraception are cost-effective and free from the risk of
user’s failure. As compared with the vaccines for prevention of
infectious diseases, contraceptive vaccines are meant for young
and healthy subjects, who have the availability of alternate
methods of contraception such as steroid hormones based oral
pills and implants, intrauterine devices and male and female
condoms. Hence, it is imperative that the contraceptive efficacy
achieved by vaccines should be comparable to the above alternate
available options. However, 3-hCG based contraceptive vaccine,
only one that has been evaluated in humans, has not shown
contraceptive efficacy that is comparable to any of the other
alternative available contraceptive options described above.
Second major drawback of the contraceptive vaccines is the
variability of immune response among immunized individual
subjects. Variability of immune response is not unique to
contraceptive vaccines as it is also a common feature with
vaccines meant for prevention of infectious diseases. However,
the saving factor in the latter is the statistical improbability
of every one in a community getting infected whereas every
human subject opting for anti-fertility vaccine would be of
proven fertility. The observed variability in immune response
in the vaccinated women will warrant monitoring of antibody
titers at regular periods to arrive at decision about administering
booster injection. In the Family Planning Program, it may be
a daunting task, especially in the developing countries. Third,
it is critical to establish the safety of the contraceptive vaccines
beyond doubt. Long-term safety studies over 15 to 20 y including
teratological studies should be undertaken, before contraceptive
vaccines may be recommended for human use. Contraceptive
vaccines based on immune-mediated neutralization of GnRH
and LH may have utility only in the control of fertility in
animals and are not likely to be safe or acceptable for eventual
human application (Table 3). Contraceptive vaccines based
on either spermatozoa- or egg-specific proteins and aiming to
inhibit the process of fertilization rather than gametogenesis

Table 3. Strength and weakness of various contraceptive vaccines

would in principle be acceptable for human application. Long-
term follow-up studies of the porcine ZP-based contraceptive
vaccine immunized feral horses and white-tailed deer revealed
no significant deleterious effects on the health of the immunized
animals except oophoritis.!>!”” Follow-up of the immunized
feral horses between 1990 to 2002 revealed no significant effect
of porcine ZP contraception on the season of birth or foal
survival as compared with unvaccinated feral horses habitating
Assateague Island National Seashore, Maryland, USA.'*
The block in fertility was reversible.!” Subsequent fertility
was not affected in the female offspring born to vaccinated
mothers.!” White-tailed deer vaccinated with porcine ZP-based
contraceptive vaccine showed ovarian pathology representing
eosinophilic oophoritis.’” Thus, the vaccines based on gamete-
specific antigens require extensive safety studies in various
experimental animal models before these can be considered
for even Phase I safety and immunogenicity studies in human
subjects (Table 3). ZP-based immunogens should not induce
oophoritis. Among the two contraceptive vaccines, one based
on oFSH that has undergone Phase I trials in men and the
second based on B-hCG which has gone through Phase II
efficacy studies, the latter seems to have higher probability of
clinical application (Table 3).

Major Challenges in the Application
of Contraceptive Vaccines

One of the common denominators, whether the contraceptive
vaccinesare meantforhumansorwildlife population management,
is to improve theirimmunogenicity. Further, the immune response
elicited by contraceptive vaccines should be long lasting so as to
achieve contraceptive efficacy of at least one year. It is desirable
that the infertility mediated by contraceptive vaccine in humans
is reversible. In the context of wildlife population management, it
will be ideal, if single injection of contraceptive vaccine generates

primates. Phase | clinical studies in men

Target Strength Weakness Clinical application
. Inhibit secretion of gonadotropins, . L
Workable in both males and females. ) 9 P Useful for veterinary application.
GnRH . . ) . sex steroid hormones and atrophy of . ;
Contraceptive efficacy demonstrated in animals ) Not likely to be used in humans
reproductive organs
Contraceptive efficacy evaluated in non-human . . . ) Not being pursued for veterinary or
LH P y Disturbance in steroid hormonal profile gp Y
primates human use
Lo - - Discrepant results on the efficacy to -, .
Extensive immunization studies in non-human P L Y Additional safety and efficacy
FSH decrease spermatogenesis in non-

. studies needed
human primates

Several sperm-specific proteins documented
and contraceptive efficacy established in
animals

Sperm-specific
proteins

Long-term safety studies not performed

Good candidate for development
of contraceptive vaccine for
humans

Contraceptive efficacy demonstrated in animals.
Long-term follow-up of immunized animals
showed no debilitating effect on health

Zona pellucida

Useful for veterinary application.
Immunogen design not eliciting
oophoritis critical for human use

Generate oophoritis

hCG

Safety studies performed. Demonstrated
contraceptive efficacy in women. Block in
fertility reversible

Inadequate protective antibody titers
in all vaccinated women. Variability in
immune response among women

Good candidate for developing
contraceptive vaccine for humans
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adequate antibody titers leading to permanent sterility. Thus, it
is imperative to develop more potent adjuvants and novel vaccine
delivery platforms. Additionally, the safety of the contraceptive
vaccines that entails generating immune response against the self
protein(s) needs to be established beyond doubt. Both in-vitro
and in-vivo experimental model systems should be developed to
establish safety of contraceptive vaccines before clinical trials are
initiated in humans. In addition, the adverse effects on the health
of the progeny born to vaccinated human subjects in cases of
vaccine failure should be addressed. Attempts have been made
to address this issue in women immunized with B-hCG based
contraceptive vaccine. The anti-fertility effect of the vaccine was
reversible as women with low anti-hCG antibody titers conceived
and pregnancy progressed to term.” Children born showed
normal early developmental parameters.”® However, additional
safety studies need to be pursued more rigorously and for longer

duration of say 20-25 vy, before contraceptive vaccine can be
recommended for fertility regulation in humans. Delivery of
vaccine to free roaming animals will be another challenge. In
such cases, immunization through either oral route using edible
baits incorporating contraceptive immunogen or by dart-gun
may provide viable solutions.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

Gupta SK would like to acknowledge Tata Innovation
Fellowship awarded by Department of Biotechnology,
Government of India. We thank Ms. Shruti Upadhyay for

secretariat help.

References 10. Kunz J, Keller PJ. HCG, HPL, oestradiol, 20. Das C, Gupta SK, Talwar GP. Pregnancy interfering
- . . progesterone and AFP in serum in patients with action of LHRH and anti-LHRH. ] Steroid Biochem
I?l;w g(/’aiv[a;‘é;l{l h_fﬂ;lgr:tﬁi:iikcjaizesrail;z;HDC’S.Fm::: threatened abortion.  Br J Obstet Gynaecol 19855 23 (53)1803-6; PMID:3935864; http://
’ gdf e Al pc Res 20134 119’_221_’ 19765  83:640-4; PMID:60125; heep://dx.doi. dx.doi.org/10.1016/50022-4731(85)80018-2
D I3 s e A org/10.1111/;.1471-0528.1976.6600903.x 21. Takahashi M, Ford JJ, Yoshinaga K, Greep RO.
An’derson i{P Jabri B. Vaccine against autoimmune 11. Schally AV, Arimura A, Baba Y, Nair RM, Active immunization of female rats with luteinizing
di . M 3 ff. X 8 h C Matsuo H, Redding TW, Debeljuk L. Isolation hormone releasing hormone (LHRH). Biol Reprod
1sease: antigen SPC_CI 1C. 1mm.unot crapy- urf and properties of the FSH and LH-releasing 19785 18:754-61; PMID:352412; http://dx.doi.
}?Pu.l/;;mzu?d 2/(1)3)31’01265;%10».;6112\/([)12])0:343478068’ hormone. Biochem Biophys Res Commun 1971; 0rg/10.1095/biolreprod18.5.754
Kt:i;offx.P%;/.orgHi ;1110 (J;OL Shorve .ND Ber 43:393-9; PMID:4930860; heep://dx.doi. 22, Hodges JK, Hearn JP. Effects of immunisation
> & ’ > ser org/10.1016/0006-291X(71)90766-2 against luteinising hormone releasing
ig’ i)n:;lclerEJl; Pg?;:langF’ef{:ffe;I;AI(;/FC’TFSe;:T 12. Khodr GS, Siler-Khodr TM. Placental luteinizing hormone on reproduction of the marmoset
InV;Stigamrs ’Sipuleucel_’T im‘;nunotherap fo}: hormone-releasing factor and its synthesis. Science monkey  Callithrixjacchus. Nature 1977,
castration»re;istant prostate cancer. N Engl ]yMed 19803 207:31?'7; PMID:6985750; http://dx.doi. 265:746-8; PMID:404560; htep://dx.doi.
20105 363:411-22; PMID:20818862; heep://dx.doi. org/10.1126/science.6985750 org/10.1038/265746b0
org/10.1056/NE]Moal 001294 13. Hsueh AJ, Erickson GF. Extrapituitary action of ~ 23. Carelli C, Audibert F, Gaillard J, Chedid L.
. . gonadotropin-releasing hormone: direct inhibition Immunological castration of male mice by a totally
Sela—Pa?swell N, Klkk?n R Dym O’. Rozenberg H, ovarian steroidogenesis. Science 1979; 204:854- synthetic vaccine administered in saline. Proc Natl
I(‘)/I“Sglj:;ai’ T‘*‘g‘a‘ﬁg‘; Re’t j‘sz‘f[‘i:: d?i’tiree‘:;‘ S; PMID:375393;  heepi//dx.doi.org/10.1126/ Acad Sci U'S A 19825 79:5392-5; PMID:6752946;
th’e catalytic ’zinc com’plex -of activated riatrif science.375393 heep://dx.doiorg/10.1073/pnas.79.17.5392
metalloproteinases show therapeutic potential. Nat 14. Siler-Khodr TM, Khodr GS. Dose response  24. Walker J, Ghosh S, Pagnon J, Colantoni C,
Med 2012; 18:143-7; PMID:22198278; heep:/ analysis of gnRH stimulation of hCG release from Newbold A, Zeng W, Jackson DC. Totally
dx.doi.org/10.1038/nm. 2582 human term placenta. Biol Reprod 1?81; 25:353- syntl:letic peptifleibas‘ed immur}ocontraceptive
Ingerslev HJ. Antibodies against spermatozoal 8; PMID:7030414; http://dx.doi.org/10.1095/ vaccines show activity in dogs of different breeds.
surface——memb.rane antigens in female infertility. biolreprod25.2.353 Vaccix:te 20073 25:7}11-94; PMID:17825958; htep://
Acta  Obstet Gynecol Scand  Suppl 1981; 15. Vickery BH. Comparison of the potential for dx.doi.org/10.1016/j.vaccine.2007.07.047
100:1-52; PMID:6170206; heep://dx.doi. therapeutic ut?lities with gonz}dotropin—releasing 25. Hsu CT, Ting CY, Ting CJ, Chex? T?{, Lin CP,
0rg/10.3109/00016348109156938 hormone agonists and antagonists. Endocr Rev Whang-Peng J, Hwang J. Vaccination against
Francavilla F. Santucci R. Barbonetti A. Francavilla 19865 7:115-24; PMID:2420579; http://dx.doi. gonadotro.pin‘-releasing'hormolne(GnRH) using toxin
S. Naturally-)occurring an’tisperm antibo’dies i1 men: org/10.1210/edrv-7-1-115 receptor-binding domain-conjugated GnRH repeats.
interference with fertility and clinical implications. 16, Schultze-Mosgau A, Griesinger G, Altgassen C, von Cancer Res 20005 60:3701-5; PMID:10919636
An update. Front Biosci 2007; 12:2890-911; Qtte S, Hornung D, Diedrich K New dAevelopments 26. ]inshu X, Jingjing L, DuaAn P, ZheAng Z, DingA M,
PMID:17485267; hetp://dx.doi.org/10.2741/2280 in the use of peptide gonadotropin-releasing hormone Jie W, Rongyue C, Zhuoyi H. The immunogenicity
Kelkar RL, Meherji PK, Kadam SS, Gupta SK antagonists versus agonists. Expert Opin Investig ofrecombinanf and- dimeric g?nadotrophin-relea‘lsing
Nandedkar’TD Circulat;n auto-antigodies . ainsi Drugs 2005; 14:1085-97; PMID:16144493; http:// hormone vaccines incorporating a T-helper epitope
the zona pe[luci.da and thyrgoid microsomal aftigen dx.doi.org/10.1517/13543784.14.9.1085 and GnRH or repeated GnRH units. ] Immunol
in women with premature ovarian failure. ] Reprod 17.  Hayden C. GnRH analogues: applications in assisted Methods 2'004§ 289:1}}_‘22; PMID:15251417;
Immunol 2005 66:53-67; PMID:15949562; reproductive techniques. Eur ] Endocrinol 2008; h'ffpi//dx-d-ou?‘fg/1041016/J-J1m-2004-04-00‘4 .
hetp://dx.doi.org/10.1016/.jri.2005.02.003 159 (S_uppl 1):517-25; PMID:18849304; htep://  27. JinshuX, Jingjing L, DL_lan P, Zheng Z, Ding M, er
Haller Kikkatalo K, Salumets A, Uibo R. dx.doi.org/10.1530/EJE-08-0354 W, Rongyu.e C, Zbuoyl H, Roque RS. Asynfhetlc
Review on autoimmune  reactions 18- Gupta SK, Singh O, Talwar GP. Characteristics and gonadotr0p1n—f§16asmg hormone (GnRH) vaccine for
in female infertility: antibodies to bioefficacy of monoclonal antigonadotropin releasing coﬁtrol of fcr(lh.ty and hormqne dependent diseases
follicle stimulating hormone. Clin hormone antibody. Am J Reprod Immunol Microbiol Wit'hOUt any ad)uvant.. Vaccine 2095§ 2334834_’
Dev Immunol. 2012;2012:762541; 19855 7:104-8; PMID:3887952 435 .PMID:15996796, htep://dx.doi.org/10.1016/j.
PMID:22007255 19. Talwar GP, Gupta SK, Singh V, Sahal D, Iyer KS, vaccine.2005.05.010
Singh O. Bioeffective monoclonal antibody against 28. Gupta JC, Raina K, Talwar GP, Verma R, Khanna

Knobel DL, Cleaveland S, Coleman PG, Fevre
EM, Meltzer MI, Miranda ME, Shaw A, Zinsstag
J5 Meslin FX. Re-evaluating the burden of rabies in
Africa and Asia. Bull World Health Organ 2005;
83:360-8; PMID:15976877

www.landesbioscience.com

the decapeptide gonadotropin-releasing hormone:
reacting determinant and action on ovulation
and estrus suppression. Proc Natl Acad Sci U S A
1985; 82:1228-31; PMID:2579391; http://dx.doi.
org/10.1073/pnas.82.4.1228

Human Vaccines & Immunotherapeutics

N. Engineering, cloning, and expression of genes
encoding the multimeric luteinizing-hormone-
releasing hormone linked to T cell determinants in
Escherichia coli. Protein Expr Purif 2004; 37:1-7;
PMID:15294274; hetp://dx.doi.org/10.1016/j.
pep.2004.03.018

921

Do not distribute.

I0Science.

©2014 Landes B



29.

30.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

922

Talwar GP, Raina K, Gupta JC, Ray R, Wadhwa
S, Ali MM. A recombinant luteinising-hormone-
releasing-hormone  immunogen  bioeffective  in
causing prostatic atrophy. Vaccine 200435 22:3713-
21; PMID:15315851;  http://dx.doi.org/10.1016/j.
vaccine.2004.03.014

Jung MJ, Moon YC, Cho IH, Yeh JY, Kim SE,
Chang WS, Park SY, Song CS, Kim HY, Park KK,
et al. Induction of castration by immunization of
male dogs with recombinant gonadotropin-releasing
hormone (GnRH)-canine distemper virus (CDV)
T helper cell epitope p35. J Vet Sci 20055 6:21-4;
PMID:15785119

Miller LA, Johns BE, Killian GJ.
Immunocontraception of white-tailed deer with
GnRH vaccine. Am ] Reprod Immunol 20005
44:266-74;  PMID:11125787; heep://dx.doi.
org/10.1111/j.8755-8920.2000.440503.x

Curtis PD, Pooler RL, Richmond ME, Miller
LA, Mattfeld GF, Quimby FW. Comparative
effects of GnRH and porcine zona pellucida (PZP)

immunocontraceptive  vaccines for  controlling
reproduction  in  white-tailed deer  (Odocoileus
virginianus). Reprod Suppl 20025 60:131-41;
PMID:12220153

Miller LA, Gionfriddo JP, Fagerstone KA,

Rhyan JC, Killian GJ. The single-shot GnRH
(GonaCon) in
white-tailed deer: comparison of several GnRH
preparations. Am ] Reprod Immunol 2008;
60:214-23;  PMID:18782282; heep://dx.doi.
org/10.1111/j.1600-0897.2008.00616.x

Yoder CA, Miller LA. Effect of GonaCon™
vaccine on black-tailed prairiec dogs: immune
response and health effects. Vaccine 20103 29:233-
9; PMID:21055491;  http://dx.doi.org/10.1016/j.
vaccine.2010.10.055

Vargas-Pino  F, Gutiérrez-Cedillo  V, Canales-
Vargas EJ, Gress-Ortega LR, Miller LA, Rupprecht
CE, Bender SC, Garcfa-Reyna P, Ocampo-
Lépez J, Slate D. Concomitant administration of
GonaCon™ and rabies vaccine in female dogs (Canis
familiaris) in Mexico. Vaccine 20135 31:4442-7;
PMID:23871822; heep://dx.doi.org/10.1016/j.
vaccine.2013.06.061

Levy JK, Miller LA, Cynda Crawford P,
Ritchey JW, Ross MK, Fagerstone KA. GnRH
immunocontraception of male cats. Theriogenology
20045 62:1116-30; PMID:15289051; http://dx.doi.
org/10.1016/j.theriogenology.2003.12.025

Levy JK, Friary JA, Miller LA, Tucker SJ,

immunocontraceptive  vaccine

Fagerstone KA. Long-term fertility control
in female cats with GonaCon™, a GnRH
immunocontraceptive.  Theriogenology 20113
76:1517-25;  PMID:21835455; heep://dx.doi.

org/10.1016/j.theriogenology.2011.06.022

Dunshea FR, Colantoni C, Howard K, McCauley
I, Jackson P, Long KA, Lopaticki S, Nugent EA,
Simons JA, Walker J, et al. Vaccination of boars
with a GnRH vaccine (Improvac) eliminates boar
taint and increases growth performance. J Anim Sci
2001; 79:2524-35; PMID:11721830

Kubale V, Batorek N, Skrlep M, Prunier A, Bonneau
M, Fazarinc G, Candek-Potokar M. Steroid
hormones, boar taint compounds, and reproductive
organs in pigs according to the delay between
immunocastration and slaughter. Theriogenology
2013; 79:69-80; PMID:23102848; http://dx.doi.
0rg/10.1016/j.theriogenology.2012.09.010

Thau RB, Sundaram K, Thornton YS, Seidman
LS. Effects of immunization with the B-subunit of
ovine luteinizing hormone on corpus luteum function
in the rhesus monkey. Fertil Steril 1979; 31:200-4;
PMID:104890

Thau RB, Sundaram K. The mechanism of action of
an antifertility vaccine in the rhesus monkey: reversal
of the effects of antisera to the B-subunit of ovine
luteinizing hormone by medroxyprogesterone acetate.

Fertil Steril 198035 33:317-20; PMID: 6767627

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Remy JJ, Bozon V, Couture L, Goxe B, Salesse
R, Garnier J. Suppression of fertility in male mice
by immunization against LH receptor. ] Reprod
Immunol 1993; 25:63-79; PMID:8271240; http://
dx.doi.org/10.1016/0165-0378(93)90042-G

Murty GS, CS, Moudgal NR, Prasad
MR. Effect of passive immunization with specific

Rani

antiserum to FSH on the spermatogenic process
and fertility of adult male bonnet monkeys (Macaca
radiata). J Reprod Fertil Suppl 19795 26:147-63;
PMID:118251

Sairam MR, Krishnamurthy H. The role of follicle-
stimulating hormone in spermatogenesis: lessons
from knockout animal models. Arch Med Res
2001; 32:601-8; PMID:11750736; http://dx.doi.
0rg/10.1016/50188-4409(01)00328-9

Srinath BR, Wickings EJ, Witting C, Nieschlag
E. Active immunization with follicle-stimulating
hormone for fertility control: a 4 1/2-year study in
male rhesus monkeys. Fertil Steril 19835 40:110-7;
PMID: 6407874

Moudgal NR, Ravindranath N, Murthy GS,
Dighe RR, Aravindan GR, Martin F. Long-term
contraceptive efficacy of vaccine of ovine follicle-
stimulating hormone in male bonnet monkeys
(Macaca radiata). ] Reprod Ferdil 19925 96:91-
102; PMID:1432977; http://dx.doi.org/10.1530/
jrf.0.0960091

Moudgal NR, Jeyakumar M, Krishnamurthy
HN, Sridhar S, Krishnamurthy H, Martin F.
Development of male contraceptive vaccine--a
perspective. Hum Reprod Update 19975 3:335-
465 PMID:9459279;  http://dx.doi.org/10.1093/
humupd/3.4.335

Moudgal NR, Murthy GS, Prasanna Kumar KM,
Martin F, Suresh R, Medhamurthy R, Patil S,
Sehgal S, Saxena BN. Responsiveness of human
male volunteers to immunization with ovine follicle
stimulating hormone vaccine: results of a pilot study.
Hum Reprod 1997; 12:457-63; PMID:9130740;
hetp://dx.doi.org/10.1093/humrep/12.3.457
Aravindan GR, Gopalakrishnan K, Ravindranath
N, Moudgal NR. Effect of altering endogenous
gonadotrophin concentrations on the kinetics of
testicular germ cell turnover in the bonnet monkey
(Macaca radiata). J Endocrinol 19935 137:485-
95; PMID:8371078;  http://dx.doi.org/10.1677/
joe.0.1370485

Rogers BJ, Van Campen H, Ueno M, Lambert H,
Bronson R, Hale R. Analysis of human spermatozoal
fertilizing ability using zona-free ova. Fertil Steril
19795 32:664-705 PMID:574462

Moudgal NR, Sairam MR, Krishnamurthy
HN, Sridhar S, Krishnamurthy H, Khan H.
Immunization of male bonnet monkeys (M. radiata)
with a recombinant FSH receptor preparation affects
testicular function and fertility. Endocrinology
1997; 138:3065-8; PMID:9202254; http://dx.doi.
org/10.1210/en.138.7.3065

Remy JJ, Couture L, Rabesona H, Haertle T,
Salesse R. Immunization against exon 1 decapeptides
from the lutropin/choriogonadotropin receptor or the
follitropin receptor as potential male contraceptive. J
Reprod Immunol 19965 32:37-54; PMID:8953519;
http://dx.doi.org/10.1016/50165-0378(96)00991-6
Yang LH, Li JT, Yan P, Liu HL, Zeng SY, Wu
YZ, Liang ZQ, He W. Follicle-stimulating
hormone receptor (FSHR)-derived peptide vaccine
induced infertility in mice without pathological
effect on reproductive organs. Reprod Fertil Dev
20115 23:544-50; PMID:215579215 http://dx.doi.
org/10.1071/RD10142

Baskin MJ. Temporary sterilization by injection
of human spermatozoa: a preliminary report. Am J
Obstet Gynecol 19325 24:892-7

Edwards RG. Immunological  control  of
fertility in female mice. Nature 1964;
203:50-3;  PMID:14197348; htep://dx.doi.
0rg/10.1038/203050a0

Human Vaccines & Immunotherapeutics

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Coonrod SA, Westhusin ME, Naz RK. Monoclonal
antibody to human fertilization antigen-1 (FA-1)
inhibits bovine fertilization in vitro: application in
immunocontraception. Biol Reprod 1994; 51:14-
23; PMID:7918868;  http://dx.doi.org/10.1095/
biolreprod51.1.14
Naz RK, Zhu
antigen-1 causes a contraceptive effect in actively
immunized mice. Biol Reprod 1998; 59:1095-
100; PMID:9780314; http://dx.doi.org/10.1095/
biolreprod59.5.1095

Wang M, Lv Z, Shi J, Hu Y, Xu C.
Immunocontraceptive potential of the Ig-like domain
of Tzumo. Mol Reprod Dev 20095 76:794-801;
PMID:19288544; http://dx.doi.org/10.1002/
mrd.21027

Garcia L, Veiga MF, Lustig L, Vazquez-Levin MH,
Veaute C. DNA immunization against proacrosin
impairs fertility in male mice. Am J Reprod Immunol
2012; 68:56-67; PMID:22452365; http://dx.doi.
org/10.1111/j.1600-0897.2012.01127.x

Goldberg E. Lactic and malic dehydrogenases in
human spermatozoa. Science 1963; 139:602-
3; PMID:17788301;  http://dx.doi.org/10.1126/
science.139.3555.602

Odet F, Duan C, Willis WD, Goulding EH, Kung
A, Eddy EM, Goldberg E. Expression of the gene
for mouse lactate dehydrogenase C (Ldhc) is required
for male fertility. Biol Reprod 2008; 79:26-34;
PMID:18367675; http://dx.doi.org/10.1095/
biolreprod.108.068353

Shelton  JA, Goldberg E. Local reproductive
tract immunity to  sperm-specific  lactate
dehydrogenase-C4. Biol Reprod 19865 35:873-
6;  PMID:3814701;  http://dx.doi.org/10.1095/
biolreprod35.4.873

Mahi-Brown CA, VandeVoort CA, McGuinness
RP, Overstreet JW, O’Hern P, Goldberg E.

Immunization of male but not female mice with

X. Recombinant fertilization

the sperm-specific isozyme of lactate dehydrogenase
(LDH-C4) impairs fertilization in vivo. Am ] Reprod
Immunol 1990; 24:1-8; PMID:2285453; http://
dx.doi.org/10.1111/j.1600-0897.1990.tb00687.x
O’Hern PA, Liang Z-G, Bambra CS, Goldberg
E. Colinear synthesis of an antigen-specific B-cell
epitope with a ‘promiscuous’ tetanus toxin T-cell
epitope: a synthetic peptide immunocontraceptive.
Vaccine 1997; 15:1761-6; PMID:9364680; http://
dx.doi.org/10.1016/50264-410X(97)00105-9
Tollner TL, INA
Primakoff PD. Immunization of female cynomolgus
macaques with a synthetic epitope of sperm-specific

Opverstreet Branciforte D,

lactate dehydrogenase results in high antibody titers
but does not reduce fertility. Mol Reprod Dev
20023 62:257-64; PMID:11984836; http://dx.doi.
0rg/10.1002/mrd.10063

Lin Y, Kimmel LH, Myles DG, Primakoff P.
Molecular cloning of the human and monkey sperm
surface protein PH-20. Proc Natl Acad Sci U S A
1993; 90:10071-5; PMID:8234258; hep://dx.doi.
org/10.1073/pnas.90.21.10071

Primakoff P, Lathrop W, Woolman L, Cowan A,
Myles D. Fully effective contraception in male and
female guinea pigs immunized with the sperm protein
PH-20. Nature 1988; 335:543-6; PMID:3419530;
http://dx.doi.org/10.1038/335543a0

Ramarao  CS, Myles DG, White JM,
Primakoff P. Initial evaluation of fertilin as an
immunocontraceptive antigen and molecular cloning
of the cynomolgus monkey fertilin beta subunit.
Mol Reprod Dev 19965 43:70-5; PMID:8720115;
hetp://dx.doi.org/10.1002/(SICI)1098-
2795(199601)43:1<70::AID-MRD9>3.0.CO;2-R
Hardy CM, Clarke HG, Nixon B, Grigg JA,
Hinds LA, Holland MK. Examination of the
immunocontraceptive potential of recombinant
rabbit fertilin subunits in rabbit. Biol Reprod
1997; 57:879-86; PMID:9314593; http://dx.doi.
0rg/10.1095/biolreprod57.4.879

Volume 10 Issue 4

Do not distribute.

I0Science.

©2014 Landes B



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Herr JC, Flickinger CJ, Homyk M, Klotz
K, John E. Biochemical and morphological
characterization of the intra-acrosomal antigen SP-10
from human sperm. Biol Reprod 1990; 42:181-
93; PMID:2310816;  http://dx.doi.org/10.1095/
biolreprod42.1.181

Goyal S, Manivannan B, Kumraj GR, Ansari AS,
Lohiya NK. Evaluation of efficacy and safety of
recombinant sperm-specific contraceptive vaccine in
albino mice. Am J Reprod Immunol 20135 69:495-
508; PMID:23405955; http://dx.doi.org/10.1111/
4ji.12085

Frayne J, Hall L. A re-evaluation of sperm protein
17 (Sp17) indicates a regulatory role in an A-kinase
anchoring protein complex, rather than a unique
role in sperm-zona pellucida binding. Reproduction
20023 124:767-745 PMID:12530914; http://dx.doi.
0rg/10.1530/rep.0.1240767

Wen Y, Richardson RT, Widgren EE, O’Rand
MG. Characterization of Spl7: a ubiquitous three
domain protein that binds heparin. Biochem ]
20015 357:25-31; PMID:11415432; http://dx.doi.
0rg/10.1042/0264-6021:3570025

Lea IA, van Lierop MJ, Widgren EE, Grootenhuis
A, Wen Y, van Duin M, O’Rand MG. A chimeric
sperm  peptide induces antibodies and strain-
specific reversible infertility in mice. Biol Reprod
1998; 59:527-365 PMID:9716550; http://dx.doi.
0rg/10.1095/biolreprod59.3.527

Cheng A, Le T, Palacios M, Bookbinder LH,
Wassarman PM, Suzuki F, Bleil JD. Sperm-egg
recognition in the mouse: characterization of sp56, a
sperm protein having specific affinity for ZP3. J Cell
Biol 19945 125:867-78; PMID:8188752;5 http://
dx.doi.org/10.1083/jcb.125.4.867
Hardy CM, Mobbs K]J.

recombinant mouse

Expression  of
sperm  protein sp56 and
assessment of its potential for use as an antigen in
an immunocontraceptive vaccine. Mol Reprod
Dev 1999; 52:216-24;  PMID:9890753;
hetp://dx.doi.org/10.1002/(SICI)1098-
2795(199902)52:2<216::AID-MRD13>3.0.CO;2-R
Muro Y, Buffone MG, Okabe M, Gerton GL.
Function of the acrosomal matrix: zona pellucida
3 receptor (ZP3R/sp56) is not essential for
mouse fertilization. Biol Reprod 2012; 86:1-
65 PMID:21998167;  http://dx.doi.org/10.1095/
biolreprod.111.095877

Zhu X, Naz RK. antigen-1:
cDNA cloning, testis-specific expression, and
immunocontraceptive effects. Proc Natl Acad Sci U S
A 19975 94:4704-9; PMID:9114055; heep://dx.doi.
org/10.1073/pnas.94.9.4704

Inoue N, Ikawa M, Isotani A, Okabe M. The
immunoglobulin  superfamily protein Izumo is
required for sperm to fuse with eggs. Nature 20053
434:234-8;  PMID:15759005; heep://dx.doi.
org/10.1038/nature03362

Naz RK. Immunocontraceptive effect of Izumo

Fertilization

and enhancement by combination vaccination. Mol
Reprod Dev 2008; 75:336-44; PMID:17676591;
htep://dx.doi.org/10.1002/mrd.20783

Naz RK, Zhu X, Kadam AL. Identification of
human sperm peptide sequence involved in egg
binding for immunocontraception. Biol Reprod
20005 62:318-24; PMID:10642568; http://dx.doi.
0rg/10.1095/biolreprod62.2.318

Naz RK, Chauhan SC. Human sperm-specific
peptide vaccine that causes long-term reversible
contraception. Biol Reprod 20025 67:674-80;
PMID:12135913; htep://dx.doi.org/10.1095/
biolreprod67.2.674

Choudhury S, Kakkar V, Suman P, Chakrabarti
K, Vrati S, Gupta SK. Immunogenicity of zona
pellucida glycoprotein-3 and spermatozoa YLP(12)
peptides  presented on Johnson grass mosaic
virus-like particles. Vaccine 2009; 27:2948-53;
PMID:19428905; http://dx.doi.org/10.1016/j.
vaccine.2009.03.002

www.landesbioscience.com

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

95.

. Wood DM, Liu

Li H, Ding X, Guo C, Guan H, Xiong C.
Immunization of male mice with B-cell epitopes in
transmembrane domains of CatSperl inhibits fertility.
Fertil Steril 2012; 97:445-52; PMID:22196715;
http://dx.doi.org/10.1016/j.fertnstert.2011.11.043

Silva EJ, Patrio MT, Tsuruta JK, O’Rand MG,
Avellar  MC.  Epididymal protease inhibitor
(EPPIN) is differentially expressed in the male rat

reproductive tract and immunolocalized in maturing

spermatozoa. Mol Reprod Dev 20125 79:832-
425 PMID:23070980; http://dx.doi.org/10.1002/
mrd.22119

O’rand MG, Widgren EE, Sivashanmugam D,
Richardson RT, Hall SH, French FS, VandeVoort
CA, Ramachandra SG, Ramesh V, Jagannadha
Rao A. Reversible immunocontraception in male
monkeys immunized with eppin. Science 2004;
306:1189-90; PMID:15539605; http://dx.doi.
org/10.1126/science.1099743

Khobarekar BG, Vernckar V], Prabagaran E,
Raghavan VP, Bandivdekar AH. Studies on the
expression of 80-kDa human sperm antigen in
rat testis and epididymis. ] Histochem Cytochem
2007; 55:753-62; PMID:17371939; heep://dx.doi.
0rg/10.1369/jhc.6A7132.2007

Khobarekar BG, Vernekar V, Raghavan V, Kamada
M, Maegawa M, Bandivdekar AH. Evaluation of
the potential of synthetic peptides of 80 kDa human
sperm antigen (80 kDaHSA) for the development
of contraceptive vaccine for male. Vaccine 2008;
26:3711-8; PMID:18514978; http://dx.doi.
org/10.1016/j.vaccine.2008.04.060

Cohen DJ, Maldera JA, Weigel Mufioz M,
Ernesto JI, Vasen G, Cuasnicu PS. Cysteine-
rich secretory proteins (CRISP) and their role in
mammalian fertilization. Biol Res 20115 44:135-
8; PMID:22513415;  htep://dx.doi.org/10.4067/
S0716-97602011000200004

Cohen DJ, Maldera JA, Vasen G, Ernesto JI, Mufioz
MW, Battistone MA, Cuasnica PS. Epididymal
protein CRISP1 plays different roles during the
fertilization process. ] Androl 20115 32:672-8;
PMID:21441424; http://dx.doi.org/10.2164/
jandrol.110.012922

Luo J, Yang J, Cheng Y, Li W, Yin TL, Xu WM,
Zou Y]. Immunogenicity study of plasmid DNA
encoding mouse cysteine-rich secretory protein-1
(mCRISPI) as a contraceptive vaccine. Am ] Reprod
Immunol 20125 68:47-55; PMID:22429321;
hetp://dx.doi.org/10.1111/j.1600-0897.2012.01117.x
Gupta SK, Bhandari B, Shrestha A, Biswal BK,
Palaniappan C, Malhotra SS, Gupta N. Mammalian
zona pellucida glycoproteins: structure and function
during fertilization. Cell Tissue Res 20125 349:665-
785 PMID:22298023; http://dx.doi.org/10.1007/
s00441-011-1319-y

Sacco  AG, EC, Subraminian MG,
DeMayo FJ. Zona pellucida composition: species
cross reactivity and contraceptive potential of
antiserum to a purified pig zona antigen (PPZA).
Biol Reprod 1981; 25:997-1008; PMID:7326313;
http://dx.doi.org/10.1095/biolreprod25.5.997

C, Dunbar BS. Effect of
alloimmunization and heteroimmunization with

Yurewicz

zonae pellucidae on fertility in rabbits. Biol Reprod
19815 25:439-50; PMID:7306634; http://dx.doi.
org/10.1095/biolreprod25.2.439

Skinner SM, Mills T, Kirchick HJ, Dunbar BS.

Immunization with zona pellucida proteins results

in abnormal ovarian follicular differentiation
and inhibition of gonadotropin-induced steroid
secretion.  Endocrinology 19845  115:2418-32;

PMID:6437799;
endo-115-6-2418

http://dx.doi.org/10.1210/

Human Vaccines & Immunotherapeutics

96.

97.

98.

99.

100.

10

=t

102.

103.

104.

105.

106.

107.

108.

Mahi-Brown CA, Yanagimachi R, Hoffman JC,
Huang TT Jr. Fertility control in the bitch by active
immunization with porcine zonae pellucidae: use
of different adjuvants and patterns of estradiol and
progesterone levels in estrous cycles. Biol Reprod
19855 32:761-72; PMID:4039952; http://dx.doi.
0rg/10.1095/biolreprod32.4.761

Sacco AG, Pierce DL, Subramanian MG, Yurewicz
EC, Dukelow WR. Ovaries remain functional in
squirrel monkeys (Saimiri sciureus) immunized with
porcine zona pellucida 55,000 macromolecule. Biol
Reprod 1987; 36:481-90; PMID:3580465; http://
dx.doi.org/10.1095/biolreprod36.2.481

Sacco  AG, EC, Subramanian MG.
Effect of varying dosages and adjuvants on antibody
response in squirrel monkeys (Saimiri sciureus)

Yurewicz

immunized with the porcine zona pellucida Mr =
55,000 glycoprotein (ZP3). Am ] Reprod Immunol
1989;  21:1-8; PMID:2619883;  http://dx.doi.
org/10.1111/j.1600-0897.1989.tb00990.x

Bagavant H, Thillai-Koothan P, Sharma MG,
Talwar GP, Gupta SK. Antifertility effects of
porcine zona pellucida-3 immunization using
permissible adjuvants in female bonnet monkeys
(Macaca radiata): reversibility, effect on follicular
development and hormonal profiles. J Reprod Fertil
1994; 102:17-25; PMID:7528278; http://dx.doi.
0rg/10.1530/jrf.0.1020017

Upadhyay SN, Thillaikoothan P, Bamezai A,
Jayaraman S, Talwar GP. Role of adjuvants
in inhibitory influence of immunization with
porcine pellucida antigen (ZP-3) on
ovarian folliculogenesis in bonnet monkeys: a
morphological study. Biol Reprod 1989; 41:665-
73; PMID:2620075;  http://dx.doi.org/10.1095/
biolreprod41.4.665

zona

. Kirkpatrick JF, Liu IKM, Turner JW Jr. Remotely-

delivered immunocontraception in feral horses.
Wildl Soc Bull 19905 18:326-30

Kirkpatrick JF, Liu IM, Turner JW Jr., Naugle
R, Keiper R. Long-term effects of porcine zonae
pellucidac immunocontraception on ovarian function
in feral horses (Equus caballus). ] Reprod Fertil
19925 94:437-44; PMID:1317449; http://dx.doi.
org/10.1530/jrf.0.0940437

McShea WJ, Monfort SL, Hakim S, Kirkpatrick
JF, Liu IKM, Turner JW, Chassy L, Munson L.
Immunocontraceptive efficacy and the impact of
contraception on the reproductive behaviors of white-
tailed deer. ] Wildl Manage 1997; 61:560-9; http://
dx.doi.org/10.2307/3802615

Naugle RE, Rutberg AT, Underwood HB, Turner
JW Jr., Liu IK. Field testing of immunocontraception
on white-tailed deer (Odocoileus virginianus) on Fire
Island National Seashore, New York, USA. Reprod
Suppl 2002; 60:143-53; PMID:12220154
Kirkpatrick JF, Turner A. Reversibility of action
and safety during pregnancy of immunization against
porcine zona pellucida in wild mares (Equus caballus).
Reprod Suppl 2002; 60:197-202; PMID:12220160
Kirkpatrick JF, Turner A. Absence of effects from
immunocontraception on seasonal birth patterns and
foal survival among barrier island wild horses. ] Appl
Anim Welf Sci 2003; 6:301-8; PMID:14965784;
http://dx.doi.org/10.1207/515327604jaws0604_4
Curtis PD, Richmond ME, Miller LA, Quimby
FW. Pathophysiology of white-tailed deer vaccinated
with porcine zona pellucida immunocontraceptive.
Vaccine 2007; 25:4623-30; PMID:17475371;
http://dx.doi.org/10.1016/j.vaccine.2007.03.033
Fayrer-Hosken RA, Grobler D, Van
Altena JJ, Bertschinger HJ, Kirkpatrick JF.
Immunocontraception of African elephants. Nature
20005 407:149; PMID:11001042; heep://dx.doi.
org/10.1038/35025136

923

Do not distribute.

I0Science.

©2014 Landes B



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

924

Gupta N, Chakrabarti K, Prakash K, Wadhwa
N, Gupta T, Gupta SK. Immunogenicity and
contraceptive efficacy of Escherichia coli-expressed

recombinant porcine zona pellucida proteins.
Am ] Reprod Immunol 20135 70:139-52;
PMID:23444974; http://dx.doi.org/10.1111/
2ji.12095

Paterson M, Wilson MR, Morris KD, van Duin
M, Aitken RJ. Evaluation of the contraceptive
potential of recombinant human ZP3 and human
ZP3 peptides in a primate model: their safety
and efficacy. Am ] Reprod Immunol 1998;
40:198-209;  PMID:9764365; heep://dx.doi.
0rg/10.1111/j.1600-0897.1998.tb00413.x

Martinez ML, Harris JD. Effectiveness of zona
pellucida protein ZPB as an immunocontraceptive
antigen. ] Reprod Fertil 20005 120:19-32;
PMID:11006142

Govind CK, Gupta SK. Failure of female baboons
(Papio anubis) to conceive following immunization
with recombinant non-human primate zona pellucida
glycoprotein-B expressed in Escherichia coli. Vaccine
2000; 18:2970-8; PMID:10825598; http://dx.doi.
org/10.1016/50264-410X(00)00103-1

Govind CK, Srivastava N, Gupta SK. Evaluation
of the immunocontraceptive potential of Escherichia
coli expressed recombinant non-human primate zona
pellucida glycoproteins in homologous animal model.
Vaccine 2002; 21:78-88; PMID:12443665; http://
dx.doi.org/10.1016/50264-410X(02)00438-3
Srivastava N, Santhanam R, Sheela P, Mukund
S, Thakral SS, Malik BS, Gupta SK. Evaluation
of the immunocontraceptive potential of Escherichia
coli-expressed recombinant dog ZP2 and ZP3 in a
homologous animal model. Reproduction 2002
123:847-57; PMID:12052239;  hetp://dx.doi.
0rg/10.1530/rep.0.1230847

Gupta N, Shrestha A, Panda AK, Gupta SK.
Production of tag-free recombinant fusion protein
encompassing promiscuous T cell epitope of tetanus
toxoid and dog zona pellucida glycoprotein-3 for
contraceptive vaccine development. Mol Biotechnol
2013; 54:853-62; PMID:23242635; http://dx.doi.
0rg/10.1007/s12033-012-9634-4

Khan F, Legler PM, Mease RM, Duncan EH,
Bergmann-Leitner ES, Angov E. Histidine
affinity tags affect MSP1(42) structural stability
and immunodominance in mice. Biotechnol ]
20125 7:133-47; PMID:22076863; hp://dx.doi.
0rg/10.1002/biot.201100331

Kitchener AL, Kay DJ, Walters B, Menkhorst
P, McCartney CA, Buist JA, Mate KE, Rodger
JC. The immune response and fertility of koalas
(Phascolarctos cinereus) immunised with porcine
zonae pellucidae or recombinant brushtail possum
ZP3 protein. ] Reprod Immunol 20095 82:40-
75 PMID:19709753;5  http://dx.doi.org/10.1016/j.
jri.2009.07.001

Kitchener AL, Harman A, Kay DJ, McCartney
CA, Mate KE, Rodger JC. Immunocontraception
of Eastern Grey kangaroos (Macropus giganteus) with
recombinant brushtail possum (7richosurus vulpecula)
ZP3 protein. ] Reprod Immunol 2009; 79:156-62;
PMID:19215986; hetp://dx.doi.org/10.1016/j.
jri.2008.10.004

Rath A, Choudhury S, Hasegawa A, Koyama K,
Gupta SK. Antibodies generated in response to
plasmid DNA encoding zona pellucida glycoprotein-B
inhibit iz vitro human sperm-egg binding. Mol
Reprod Dev 2002; 62:525-33; PMID:12112587;
hetp://dx.doi.org/10.1002/mrd.10141

Rath A, Batra D, Kaur R, Vrati S, Gupta SK.
Characterization of immune response in mice
to plasmid DNA encoding dog zona pellucida
glycoprotein-3.  Vaccine 20035  21:1913-23;
PMID:12706677; http://dx.doi.org/10.1016/
S0264-410X(02) 00824-1

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Choudhury S, Ganguly A, Chakrabarti K, Sharma
RK, Gupta SK. DNA vaccine encoding chimeric
protein encompassing epitopes of human ZP3
and ZP4: immunogenicity and characterization of
antibodies. ] Reprod Immunol 2009; 79:137-47;
PMID:19004505; http://dx.doi.org/10.1016/j.
jri.2008.09.002
Xiang RL, Zhou F, Yang Y, Peng JP. Construction
of the plasmid pCMV4-rZPC’ DNA vaccine and
analysis of its contraceptive potential. Biol Reprod
2003; 68:1518-24; PMID:12606447; heep://dx.doi.
org/10.1095/biolreprod.102.007849
Li J, Jin H, Zhang A, Li Y, Wang B, Zhang F.
Enhanced contraceptive response by co-immunization
of DNA and protein vaccines encoding the mouse zona
pellucida 3 with minimal oophoritis in mouse ovary.
J Gene Med 20075 9:1095-103; PMID:17957814;
http://dx.doi.org/10.1002/jgm.1069
Zhang X, Lou YH, Koopman M, Doggett T,
Tung KS, Curtiss R 3. Antibody responses and
infertility in mice following oral immunization
with attenuated Salmonella typhimurium expressing
recombinant murine ZP3. Biol Reprod 19975 56:33-
413 PMID:9002630;  http://dx.doi.org/10.1095/
biolreprod56.1.33
Jackson R]J, Maguire DJ, Hinds LA, Ramshaw
IA. Infertility in mice induced by a recombinant
ectromelia virus expressing mouse zona pellucida
Biol Reprod 1998; 58:152-9;
http://dx.doi.org/10.1095/

glycoprotein 3.
PMID:9472936;
biolreprod58.1.152
Gu W, Holland M, Janssens P, Seamark R, Kerr P.
Immune response in rabbit ovaries following infection
of a recombinant myxoma virus expressing rabbit
zona pellucida protein B. Virology 20043 318:516-
235 PMID:14972520; http://dx.doi.org/10.1016/j.
virol.2003.10.021

Kerr PJ, Jackson RJ, Robinson AJ, Swan J, Silvers
L, French N, Clarke H, Hall DF, Holland MK.
Infertility in female rabbits (Oryctolagus cuniculus)
alloimmunized with the rabbit zona pellucida
protein ZPB either as a purified recombinant protein
or expressed by recombinant myxoma virus. Biol
Reprod 19995 61:606-135 PMID:10456835; http://
dx.doi.org/10.1095/biolreprod61.3.606

Mackenzie SM, McLaughlin EA, Perkins HD,
French N, Sutherland T, Jackson RJ, Inglis B,
Miiller W], van Leeuwen BH, Robinson AJ, et
al. Immunocontraceptive effects on female rabbits
infected with recombinant myxoma virus expressing
rabbit ZP2 or ZP3. Biol Reprod 2006; 74:511-
21; PMID:16306421;  http://dx.doi.org/10.1095/
biolreprod.105.046268

Lloyd ML, Shellam GR, Papadimitriou JM, Lawson
MA. Immunocontraception is induced in BALB/c
mice inoculated with murine cytomegalovirus
expressing mouse zona pellucida 3. Biol Reprod
2003;  68:2024-32; PMID:12606395;  htep://
dx.doi.org/10.1095/biolreprod.102.012880

O’Leary S, Lloyd ML, Shellam GR, Robertson
SA. Immunization with recombinant murine
cytomegalovirus expressing murine zona pellucida 3
causes permanent infertility in BALB/c mice due to
follicle depletion and ovulation failure. Biol Reprod
2008; 79:849-60; PMID:18667753; http://dx.doi.
org/10.1095/biolreprod.108.067884

Rhim SH, Millar SE, Robey F, Luo AM, Lou YH,
Yule T, Allen P, Dean J, Tung KS. Autoimmune
disease of the ovary induced by a ZP3 peptide from
the mouse zona pellucida. J Clin Invest 19925 89:28-
35; PMID:1370297;  http://dx.doi.org/10.1172/
JCI115572

Luo AM, Garza KM, Hunt D, Tung KS. Antigen
mimicry in autoimmune disease sharing of amino
acid residues critical for pathogenic T cell activation.
J Clin Invest 19935 92:2117-23; PMID:8227327;
hetp://dx.doi.org/10.1172/JCI116812

Human Vaccines & Immunotherapeutics

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Lou Y, Ang J, Thai H, McElveen F, Tung KS. A
zona pellucida 3 peptide vaccine induces antibodies
and reversible infertility without ovarian pathology. J
Immunol 19953 155:2715-205 PMID:7650399
Govind CK, Hasegawa A, Koyama K, Gupta
SK. Delineation of a conserved B cell epitope on
bonnet monkey (Macaca radiata) and human zona
pellucida glycoprotein-B by monoclonal antibodies
demonstrating inhibition of sperm-egg binding. Biol
Reprod 20003 62:67-75; PMID:10611069; htep://
dx.doi.org/10.1095/biolreprod62.1.67

Burkman LJ, Coddington CC, Franken DR, Krugen
TF, Rosenwaks Z, Hogen GD. The hemizona
assay (HZA): development of a diagnostic test for
the binding of human spermatozoa to the human
hemizona pellucida to predict fertilization potential.
Fertil Steril 1988; 49:688-97; PMID:3350165
Miller LA, Killian GJ. In search of the active PZP
epitope in white-tailed deer immunocontraception.
Vaccine 2002; 20:2735-42; PMID:12034100;
http://dx.doi.org/10.1016/S0264-410X(02)00195-0
Hardy CM, ten Have JF, Mobbs KJ, Hinds LA.
Assessment of the immunocontraceptive effect of a
zona pellucida 3 peptide antigen in wild mice. Reprod
Fertil Dev 2002; 14:151-5; PMID:12219936;
http://dx.doi.org/10.1071/RD01112

Kaul R, Sivapurapu N, Afzalpurkar A, Srikanth
V, Govind CK, Gupta SK. Immunocontraceptive
potential of recombinant bonnet monkey (Macaca
radiata) zona pellucida glycoprotein-C expressed
in Escherichia coli and its corresponding synthetic
peptide. Reprod Biomed Online 2001; 2:33-9;
PMID:12537823; htep://dx.doi.org/10.1016/
$1472-6483(10)62186-4

Stevens VC, Powell JE, Lee AC, Griffin D.
Antifertility effects of immunization of female
baboons with C-terminal peptides of the beta-subunit
of human chorionic gonadotropin. Fertil Steril 19813
36:98-105; PMID:6166499

Jones WR, Bradley J, Judd SJ, Denholm EH,
Ing RM, Mueller UW, Powell J, Griffin PD,
VC. Phase I clinical trial of a World
Health Organisation birth control vaccine. Lancet
19885 1:1295-8; PMID:2453766; http://dx.doi.
0rg/10.1016/S0140-6736(88)92117-4

Cui C, Stevens VC, Schwendeman SP. Injectable
polymer microspheres immunogenicity
of a contraceptive peptide vaccine. Vaccine 2007;
25:500-9;  PMID:16996662; http://dx.doi.
org/10.1016/j.vaccine.2006.07.055

Talwar GP, Sharma NC, Dubey SK, Salahuddin
M, Das C, Ramakrishnan S, Kumar S, Hingorani
V. Isoimmunization against human chorionic
gonadotropin with conjugates of processed beta-
subunit of the hormone and tetanus toxoid. Proc Natl
Acad Sci U S A 19765 73:218-22; PMID:813223;
http://dx.doi.org/10.1073/pnas.73.1.218

Kumar S, Sharma NC, Bajaj JS, Talwar GP,
Hingorani V. Clinical profile and toxicology studies
on four women immunized with Pr-B-HCG-TT.
Contraception 19765 13:253-68; PMID:1245131;
http://dx.doi.org/10.1016/0010-7824(76)90039-1
Nash H, Johansson ED, Talwar GP, Vasquez J,
Segal S, Coutinho E, Luukkainen T, Sundaram
K. Observations on the antigenicity and clinical
effects of a candidate

Stevens

enhance

antipregnancy vaccine:
B-subunit of human chorionic gonadotropin linked
to tetanus toxoid. Fertil Steril 19805 34:328-35;
PMID:7418885

Shahani SM, Kulkarni PP, Patel KL, Salahuddin
M, Das C, Talwar GP. Clinical and immunological
responses with Pr- B-hCG-T T vaccine. Contraception
19825 25:421-34; PMID:6809422; http://dx.doi.
0rg/10.1016/0010-7824(82)90098-1

Volume 10 Issue 4

Do not distribute.

I0Science.

©2014 Landes B



146. Talwar GP, Singh O, Pal R, Chatterjee N, Sahai

147.

P, Dhall K, Kaur J, Das SK, Suri S, Buckshee
K, et al. A vaccine that prevents pregnancy in
women. Proc Natl Acad Sci U S A 1994; 91:8532-
65 PMID:8078917;  http://dx.doi.org/10.1073/
pnas.91.18.8532

Talwar GP, Singh OM, Gupta SK, Hasnain SE,
Pal R, Majumbar SS, Vrati S, Mukhopadhay A,
Srinivasan J, Deshmukh U, et al. The HSD-hCG
vaccine prevents pregnancy in women: feasibility
study of a reversible safe contraceptive vaccine. Am J
Reprod Immunol 19975 37:153-60; PMID:9083611;
http://dx.doi.org/10.1111/j.1600-0897.1997.
tb00207.x

www.landesbioscience.com

148

149.

. Purswani S, Talwar GP. Development of a highly
immunogenic  recombinant  candidate  vaccine
against human chorionic gonadotropin. Vaccine

20115 29:2341-8; PMID:21272600; http://dx.doi.
org/10.1016/j.vaccine.2010.11.069

Purswani S, Talwar GP, Vohra R, Pal R, Panda
AK, Lohiya NK, Gupta JC. Mycobacterium
indicus pranii is a potent immunomodulator for
a recombinant vaccine against human chorionic
gonadotropin. ] Reprod Immunol 2011; 91:24-
30; PMID:21885129; http://dx.doi.org/10.1016/j.
ji.2011.06.099

Human Vaccines & Immunotherapeutics

150. Singh M, Das SK, Suri S, Singh O, Talwar GP.

Regain of fertility and normality of progeny born
during below protective threshold antibody titers in
women immunized with the HSD-hCG vaccine. Am ]
Reprod Immunol 1998; 39:395-8; PMID:9645272;
heep://dx.doi.org/10.1111/j.1600-0897.1998.
tb00376.x

925

Do not distribute.

I0Science.

©2014 Landes B





